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‘Tra ngitron 


introduces 
an exciting new device for simpler, more 
reliable, more economical switching circuitry 
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The Silicon NPN Tetrode binistor is a new com- 
nent and a new concept for the circuit designer! 
The key parameters of this bi-stable, negative 
resistance device are determined by external cir- 
cuitry in contrast to existing devices. The significant 
reduction of peripheral circuitry results in outstand- 
ing savings in cost, space, weight and solder con- SILICON TETRODE 
nections. For example, a typical flip-flop requires at , BINISTOR 
least 13 components versus only 4 in an equivalent CIRCUIT SYMBOL 
binistor stage. Very large current and voltage gains 
are realized in both on and off directions. Inputs 
and output are compatible in level with typical 
transistor and diode circuits. The tetrode binistor 
can operate from — 80°C to +200°C. : 
To learn more of this important new develop- « f BINISTOR 
ment — THE BINISTOR — and how it works OUTPUT 
write for Bulletin No. TE-1360. ee a 


CONDENSED SPECIFICATIONS TRANSITRON BINISTOR 


Typical Turn-off Current Gain 50.@ 15ma Collector Current 
Operating Collector Current Range 50,ua to 15ma 


|, critical 0.5ma @ Sma Collector Current 


Operating Temperature Range with- z 
out Temperature Compensation —65°C to 150°C COLLECTOR TO EMITTER VOLTAGE 


MEET US AT WESCON — BOOTH 2638-39 


‘Tra ngitron 


electronic corporation 


wakefield, melrose, boston, mass. 


N PRINCIPAL CITIES THROUGHOUT THE U.S.A.AND EUROPE + CABLE ADDRESS: TRELCO 
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In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 

By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 
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How “Né Minimizes Electric Moror No/se / 


bination that results in the quietest motor 
operation. That’s why you'll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 


If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 


proved reliability you can build around 
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SCORED CUFFE CRIMPED 


CimireaiVSey Precision Insulations 


Here are the four basic styles in which you can get NORMAL RANGE OF WIDTHS 
INMANCO bulk-pack coils in production lengths: PLAIN COILS—*.” and up (in any thickness) except 
PLAIN—Precision slit INMANCO coils, fabricated with Mylart and Mylar combinations which start at 4". 
machine feeding in mind. Coils are hard... feed uniformly SCORED COILS—¥%," and up (in any thickness) except 
through automatic inserters . . . give max. yield per roll. Mylart and Mylar combinations which start at 14" 
SCORED—Precision slit then scored with one or more CUFFED COILS—7" to 10” between cuffs. 
scores or creases to permit easy bending when used on the CRIMPED COILS—7," to 24" between crimps 
production line as separators between windings. , 7 r y —_— 
CUFFED—A bulk stock of given width between cuffs from Material | Plain | Scored | Cuffed | Crimped | 
which slot insulators of various depths can be cut, creased, 
scored, or formed. Usually single-cuffed coils are used, | | i 
but double-cuffed are available. Both greatly improve edge Tan Electrical Kraft Papers | Yes Yes Yes* 
tear resistance. | ] 
CRIMPED—For transformer layer insulation applications. | 
Have accordion pleats or folds along one or two parallel Paper-Varnish 
edges to obtain a barrier at the edge which prevents wind- Cambric Combination Yes 
ings from falling off. 

Standard rolls are approximately 15” in diameter, wound 
on cores of 11%", 144”, 2”, and 3” I.D. Normal tolerances Mylart-Dacront 
in widths are +2% for widths under 1”, and +!” (or 1%, Matte Combinations Yes 
whichever is greater) for coils over 1” wide. The table at ' Mylart Asbestos Yes Yes 
right lists the most popular styles and materials. However, anata + . 
the scope of INMANCO’s modern facilities can supply Mylart-Paper Combinations | Yes Yes Yes 
you with the exact put-up, size, and material needed for ir p ] ] | 
practically any application. Call in an INMANCO repre- — a ° 

: : sae ; nations | Yes Yes Yes 

sentative on your next job or send specifications and in- | | | | 
quiries to your nearest IMC office. *Depending on thickness DuPont trademark 


All Rag Papers Yes Yes Yes 


Fibre (Fishpaper) Yes Yes 


Mylart Film Yes 





INSULATION MANUFACTURERS CORPORATION 


Inmanco “i 565 West Washington Boulevard, Chicago 6, Illinois 


Branch Offices, Representatives, and Distributors in Principal Cities 
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SILICONE NEWS from Dow Corning 





New Hasy-To-Use Varnish 





New Dow Corning Varnish simplifies 
processing of Class H Transformers 


An all-new Dow Corning Silicone Varnish opens a new era of easier, 
quicker, lower-cost processing of silicone insulation systems for trans- 
formers. An example of its cost-saving advantages: this new varnish 
cures in only six hours at 150 C . . . develops its bond strength at 50 C 
less than conventional silicone varnishes. 


Now. because of this new Dow Corning Silicone Varnish, transformer 
builders equipped for Class A or B insulation systems are automatically 
equipped for Class H as well! 


And there are other advantages too! Runoff is very slight. Compared to 
other varnishes, new Dow Corning 980 Varnish gives adequate buildup 
to the desired insulation thickness while reducing varnish waste . . . cleanup 
time. Big savings in processing time and equipment maintenance can 


be achieved. 


Heat stability is even better than for silicone varnishes previously 
available. This new Dow Corning Varnish meets AIEE heat stability 
requirements for 220 C systems, resists moisture and is unaffected by 
many corrosive atmospheres. 


When used with other silicone components in units designed for higher 
temperature rise, Dow Corning Silicones help make transformers smaller, 
lighter, safer, more reliable and virtually maintenance-free. Write today 
for complete data on this new cost-saving silicone varnish. 


Other Cost-Saving Advantages: 

In addition to curing in 6 hours at 150 C, 
Dow Corning 980 Varnish has excellent 
tank stability and will not soften, swell or 





deteriorate most insulating materials, in- 
cluding silicone rubber. The varnish affords 
good penetration and will not drip off coils 
or handling equipment to create a mainte- 
nance problem. Lower curing temperatures, 
less runoff plus other economies substan- 
tially reduce insulating costs. 





Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. 
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Silicone-Glass Laminates Stay Strong 


Slot sticks made of silicone-glass laminates assure this 
Allis-Chalmers 2-hp, 3-phase, 1750 rpm motor maximum 
reliability, long service life in high ambient temperature 
applications. A typical application for this motor is on 
oven door opening devices where the ambient temper- 
ature is 250 F. 


Silicone-glass laminates retain their mechanical strength, 
high are resistance, low loss factor and low moisture 
absorption even after prolonged aging at 250 C... 
provide ideal structural-insulating properties. 
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Silastic Assures Timer Accuracy 


Even a minute 
change in the elas- 
ticity of the rub- 
ber diaphragm in 
this Square D 
pneumatic time- 
delay relay would 
adversely affect 
accuracy. That’s 
why heat-and- 
cold-resistant 
Silastic®, the 
Dow Corning Silicone Rubber, was selected. This sensi- 
tive diaphragm enables the timer to give accurate delays 
ranging in duration from .05 seconds to 3 minutes . . 

regardless of changing climatic conditions. Parts molded 
from Silastic are exceptionally resistant to weathering, 
oxidation, ozone and temperatures from —70 to 250 C. 
They are available in almost any size, shape or color 





from leading rubber fabricators. 
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Sylkyd Enameled Magnet Wire Cuts Bulk 


Easy-to-install Sylkyd® Enameled Magnet Wire elimi- 
nates needless bulk in high temperature insulation systems. 
Sylkyd coated wires are comparable in diameter to Class 
A insulated wires . . . allow a higher copper to iron ratio 
than fibre covered, high temperature wires . . . permit 
designs that supply maximum power per pound. They 
are performance-proved in 180 C insulation systems. . . 
will resist most chemicals, moisture, corona, dirt and 
many other environmental hazards. Sylkyd has long shelf 
life -—- won’t craze, soften or become brittle in storage. 
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Silicone Resin “Locks In” Performance 


Designed for maximum reli- 
ability, new Westinghouse 
removable stator canned 
motor-pumps like this one 
are used for better boiler 
circulation in controlled cir- 
culation conventional sys- 
tems. Similar pumps are 
used to circulate radioactive 
liquid coolants at tempera- 
tures up to 650 F in hermet- 
ically sealed primary coolant 
systems of nuclear reactors. 


End turns of stator coils 
are potted in Dow Corning 
solventless silicone resin to insure a solid, void-free fill of 
coil interstices. These solventless resins are radiation 
resistant, withstand vibration, oxidation, corona and 
moisture despite continuous service at high temperatures. 
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In this ISSUE 


Components, Electrical Electronic Your Ciassification: 


Semiconductor Devices 
Transducers 


% Function Generators 
Using the Hall Effect 


The primary factors involved in the Hall effect are shown 
to include angular rotation. The possible use of the phe 
nomenon for angular function generators is projected, and 
some of the potential variations considered. 


L. J. Brady and M. A. Melehy, Kearfott Div., General Pre 
cision, Inc., Little Falls, N. J. 


Electrical Manufacturing 1960 August p 62 3 pp 


Basic Science and Engineering 
Network Design 
Physics 


Your Classification: 


Designing Passive and Tunnel-Diode 
Networks — 1 


The use of modern synthesis techniques for realizing pre 
scribed frequency characteristics by dissipative passive net 
works and by amplifier networks containing tunnel diodes are 
described. Predistortion is defined. the procedure explained, 
and an illustrative example of predistortion given. Reverse 
predistortion is discussed. Techniques may be applied to the 
exact design of practical networks. 


L. Weinberg, Hughes Research Labs., Malibu, Calif. 


Electrical Manufacturing 1960 August p 80 8 pp 


Materials, Mechanical ‘Structural 


Y lassi : 
Metals our Classification 


Zinc Die Castings in Engineering Design 


\ survey report on die-casting engineering design procedure 
with emphasis placed on zinc types. Requirements for alloys 
and types of alloys are discussed. The properties of materials 
are investivated and related to design for extreme and normal 
environments. Design considerations are presented and para- 
meters are discussed. 


E. W. Horvick, American Zinc Institute, New York, N. Y. 


Electrical Manufacturing 1960 August p 124 5 pp 


Components, Mechanical Structura! Your Classification: 


Festeners 
Production and Assembly Techniques 
Miscellaneous 


* Tightening and Testing Torque 
Values for Small Machine Screws 


Concise, easy-to-use tables giving safe tightening and testing 
torque values for selected sizes of rolled-thread machine screws 
in numbered sizes in several lengths of tapped holes in vari 
ous metals and laminated phenolic 


E. F. Perout, Western Electric Co., Chicago, III 


Electrical Manufacturing 1960 August p 65 4 pp 


Basic Science and Engineering Your Classification: 


Physics 


Microwaves — 
Principles and Devices 


Beginning with the basic theory of electric and magneti 
fields, the principles of microwaves are developed, including 
propagation in dielectrics and conductors and transmission 
in two-conductor, rectangular and circular waveguides. Four 
basic microwave devices are described with particular reference 
to the connection between theory and practical application 


M. Tenzer and J. P. Agrios, U. S. Army Signal Research and 
Development Laboratory, Fort Monmouth, N. J 


Electrical Manufacturing 1960 August p 89 24 pp 


Control Your Classification: 
Systems ond Servos 

Drives 
Electrical 


Reset Trigger for SCR in 
Compact Drive Control 


Drive motor control system is marked by compactness and 
ruggedness, uses reset bias trigger and silicon controlled recti 
fiers. The functioning of each circuit feature is explicitly de 
tailed to demonstrate the versatility and advantages of the 
system. 


Baruch Berman, ACF Industries, Inc., Paramus, N. J 


Electrical Manufacturing 1960 August p 130 3 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 166 and 170 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Components, Electrical Electronic Your Classification: 


Magnetic Components 


* Magnetic Amplifier 
Output Circuits 


\ straightforward method of evaluating complex magnetic 
implifier output circuits (apart from their control windings) 
« building-block arrangements of half-wave, self-saturating 
cireuits by using a simple figure-of-merit to accommodate 
eflects of “prefire and “reset” voltage constraints 


D. L. MeMurtrie, Raytheon Company, Wayland, Max. 


Electrical Manufacturing 1960 August p 69 5 pp 


Components, Electrical Electronic Your Classification 


Semiconductors 
Control 
Systems & Servos 


Silicon Transistor-Resistor Logic Circuits 


Static switching elements, aleo called Non logic circuits, are 
finding an economic place in digital industrial control systems 
where ewitching speeds are moderate (under 15 usec) Equa 
tions for resistance values are given, with effects of tolerances 
on resistances and supply voltages. Circuit parameters for 
seven types of circuits are tabulated 


J. Luecke, Texas Instruments Inc., Dallas, Texas 


Electrical Manufacturing 1960 August p 113 3 pp 


Testing Your Classification 
Components 
Systems 


interpretation of Noise Spectrograms 


Tracing the sources and developing remedies for noise in 
product and equipment design can be accomplished most effec 
tively by analyzing sounds into their component parts, and 
evaluating the elements separately. A new Audio Spectrum 
Analyzer divides sound into bands and measures the levels in 
each frequency range; the data then are presented graphically 


Staff Report 
Electrical Manufacturing 


1960 August p 136 1'2 pp 
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Components, Electrical, Electronic Your Classification: 


Wire and Cables 


Flat-Conductor Flexible Cables 


Cabling techniques and performance characteristics of flat- 
conductor flexible cables are discussed. Specific data are given 
on load-carrying capabilities, crosstalk, r-f attenuation, and on 
shielding techniques, among other considerations 


W. Angele, Army Ballistic Missile Agency, Redstone Arsenal, 
Ala 


Electrical Manufacturing 1960 August p 74 6 pp 


Computers Your Classification: 
Design Engineering Applications 


The Digital Computer as a 
Tool for Design Engineers 


Digital computers are powerful tools for design engineers. To 
use computing machines for the solution of his design prob- 
lems, the designer need not be a computer specialist; he 
does have to understand his problem and the design process 
clearly. The analysis and synthesis method of desien by com- 
puter are presented and illustrated by specific examples. 


B. Mittman and R. B; Wise, Armour Research Foundation 
of the Illinois Institute of Technology, Chicago, Ill. 


Electrical Manufacturing 1960 August p 116 8 pp 


COMING UP... 


The Chemistry of Corrosion, in a design engineering ap- 
proach, is the subject of the September Science & Engineer- 
ing insert. Other articles in this issue are: Passive Networks 
and Tunnel Diodes—Part 2, Production System for 
Printed Circuits, Practical Graphs and Nomographs, 
Connectors for Flat-Conductor Cables, Predicting Per- 
manent-Magnet Performance—Part 1, Microelectronic 
Cireuttry, Machine Tool Control Systems, Excitation Re- 
quirements for Silicon Rectifiers, Radiation Effects on 
Electrical Insulation, and Thermoelectric Refrigeration 
Systems, 





HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY: 


The exceptional uniformity you get in tape-wound Centri- 
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
—and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity: 


Careful classification of materials—Raw alloys are first 
“pedigreed’”’—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We're the largest buyer of nickel alloy magnetic materials 
in the world... which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties. 

Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti- 
mate performance of Centricores. 


Circle 111 on Inquiry Card 


Closely-controlled annealing — Annealing— perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform- 
ance to uniformly high levels. 


Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu ‘79’, a new 
high-performance alloy we’ve developed. It has outstand- 
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 
in magnetic performance. 


WRITE FOR BULLETIN C-3 


MATERIAL —_—*| THICKNESS 





HIGH NICKEL oe 
Hymu 80 | 001" 
Squaremu 79 
Super Squaremu 79 
LOW NICKEL 
Squaremu 49 
Carpenter 49 
GRAIN-ORIENTED SILICON 
i i Crystaligned | 
} | Microsil | 


*Special sizes, shapes and thicknesses quoted on request. 


MAGNETIC METALS COMPANY 
Hayes Avenue ot 21st Street, Camden 1, N_J. 


transformer laminations * motor laminations + tape-wound cores 
powdered molybdenum permolloy cores + electromagnetic shields 
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RESEARCH Horizons 


Edited by Arex. E. Javrrz, Special Features Editor 


Stability of Plastics — 
A Positive Approach to Plastics Application 


Tue Regional Technical Conference of 
the Society of Plastics Engineers, held 
in Washington, D.C. December 1, 1959, 
emphasized the positive “stability” ap- 
proach to establishing plastics perform- 
ance rather than the negative “de- 
gradation” approach. Two important 
conclusions may be drawn from the 
discussions held during the meeting. 


First, current laboratory testing of 
plastics materials is limited to only a 
relative comparison of specific materi- 
als under the specific conditions of a 
given test environment. Although these 
serve an immediate need, more basic 
tests are required to evaluate a given 
material thoroughly. These tests should 
be based on environmental parameters 


Chemical Structure and Stability Relationships in Polymers 


RB. G. Achhammer, M. Tryon and 
G. M. Kline 

Nationa Bureau or STanparps 
Washington, D. C. 


Stability of polymers is usually con- 
sidered in terms of a material's ability 
to withstand specified conditions and 
still retain the physical properties re- 
quired for use in a given application. 

Laboratory aging tests have been de 
veloped to evaluate polymer degrada- 
tion. However, in most cases, these 
methods are limited to a relative com- 
parison of specific materials under the 
specific conditions of a given test en- 
vironment. Although these tests serve 
in immediate need for technical evalua- 
tion of polymers, more basic methods 
are required. A possible approach to 
new methods is through an expanding 
knowledge of stability relationships be 
tween structural and 
parameters, 

Some thermal effects, such as melt- 
ing and glassy transitions, are reversi- 
ble properties of the polymer. Heat 
may also produce irreversible or per- 
manent chemical changes. The heat 
stability of a polymer in the absence 


environmental 


of other active substances is related to 
the dissociation energies of its various 
chemical linkages. Thermal stability is 
sometimes studied under pyrolytic con- 
ditions. Most of the characteristics of 


the decomposition result from basic 
structure of the polymer and not trace 
impurities. 

Photochemical reactions occur as a 
result of absorption of radiant energy 
of hight by chemical structures. Plastics 


cam be protected against photochemical 
/ 


‘ 


egradation by the addition of com- 
pounds that preferentially absorb ultra- 
violet light, re-emitting this energy 
at nondestructive wavelengths. 

When polymers are exposed to high- 
energy nuclear radiation, such as gam- 
ma photons, chemical 
broken. The material then degrades, 
vielding gaseous decomposition prod- 
ucts and fragments of various sizes. 
As a result of irradiation, ionization 
occurs and free radicals are produced 
which initiate chemical reactions in- 
volving both scission and cross-linking, 
thereby altering the properties of the 
polymer. Correlations between chem- 
ical structure of polymers and stability 
under high-energy radiation have been 
made. 


bonds are 


Reactions involving most polymers 
and oxygen under ordinary tempera- 
ture conditions usually require months 
or years to be detectable. The proper- 
ties of unsaturated polymers change 
much more rapidly. The synergistic 
effect that elevated temperatures and 
ultraviolet radiation have on the oxi- 


‘also be 


as they affect properties. 

Second, the stability of plastics may 
best be evaluated by an expanding 
knowledge of the effect these stability 
relationships have on plastics struc- 
tural and envirenmental parameters. 
To understand plastics degradation 
thoroughly, a study of the environments 
themselves must be done efficiently. 

Summaries of those papers presented 
at the conference that are most applic- 
able to the design-engineering use of 
plastics follow: 


dation of all polymers is an important 
aspect of the role of oxygen in polymer 
stability. 

With few exceptions, plastics are 
very sensitive to the effects of water. 
Water may act as a plasticizer and may 
« responsible for swelling of 
certain plastics and ultimate decom- 
position of others. Loss of water may 
lead to embrittlement. Polymers that 
contain hydrolyzable chemical groups, 
such as amides, and polymers in which 
hydrolyzable groups are formed as a 
result of oxidation degradation are 
naturally susceptible to degradation 
by water. 

Standard laboratory tests designed 
to evaluate polymer stability under 
service conditions are generally suit- 
able for comparative purposes, but 
any correlations between such test data 
and outdoor performance must be 
drawn carefully. It seems unlikely 
that any one test procedure or appara- 
tus can reproduce artificially the di- 
verse and extreme conditions to which 
a polymer might be subjected in actual 
use. Knowledge of degradation mech- 
anisms and relationships between poly- 
mer structure and properties will have 
to be considerably expanded in order 
to explain the complexities of stability 
of polymers under the influence of 
several parameters simultaneously. 


> Ultraviolet Degradation of Plastics and the Use of Protective Ultraviolet Absorbers 


R. C. Hirt, N. D. Searle and 
R. G. Schmitt 

Central Research Division 
AmMeRtcan CYANAMID COMPANY 
Stamford, Connecticut 


The degradation of plastics by ultra- 
violet energy and the use of protective 
ultraviolet absorbers to improve sta 
bility necessitate studies along several 
lines. These include (a) the measure- 
ment of the ultraviolet spectral energy 
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distribution of sunlight and of indoor 
accelerated test sources, (b) measure- 
ment of the extent of degradation as a 
function of the wavelength of the inci- 
dent radiation, (c) an estimate of the 
absorbing effectiveness of added pro- 
tective agents, and (d) the stability of 
the protective ultraviolet absorbers 
themselves. 

The wavelength sensitivity, or the ex- 
tent of degradation as a function of the 


wavelength of the incident radiation, 
has been termed the “activation spec- 
trum” of the plastic. Studies of activa- 
tion spectra were made by use of a 
heliostat-spectrometer. Briefly, natural 
sunlight is directed by a heliostat (sun- 
following device) into a concave mirror 
and concentrated. The beam is passed 
through a very fast (f/2) quartz spec- 
trometer, and spread out across the 
plastics sample exactly as if the sample 
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RESEARCH 
Horizons 


were a photographic plate in a conven- 
tional spectrograph. Because the helio- 
installation is dependent upon 
days, the apparatus 
that a 1000-watt 
arc could be readily substituted to 
illuminate the photochemical spectro- 
meter on cloudy days and nights. 
For and__ polystyrene 
ohotodegradation is evidenced by the 
appearance of yellowed These 
were measured in the same manner as 


stat 


lear, sunny was 


arranged so xenon 
polyesters 
areas. 


the blackening of a photographic plate 


except that blue light (4358 A line of 


> Localized Oxidation in Polymers: Effect on Physical Properties 


W. L. Hawkins. W. Matrevek and 


F. H. Winslou 
Bett Ter ersone Larorarortes, [N¢ 
Murray Hill, New Jersey 


The oxidation of semicrystalline poly 
mers depends on amorphous content 
as well as on inherent chemical re 
activity. When a hydrocarbon such as 
polyethylene oxidizes, the reaction pro- 
from a_ brief 


period through an autocatalyti 


ceeds initial induction 
stage 
to a steady rate of oxygen uptake which 
changes into a final stage of gradually 
diminishing reaction. The ultimate ex 
tent of oxidation at 100 C 


versely with density or degree of crys- 


varies in- 


tallinity. 

The effect of various oxidation treat 
ments on the physical properties of 
branched and linear polyethylenes was 
investigated at 100 C. Reaction progress 
was followed by chemical analysis and 
by measuring changes in mechanical 
and dielectric properties, density and 
Results are 


Tables I and II. 


Reduction in intrinsic viscosity 


solution viscosity. sum 


marized in 
with 
content is consis- 


increasing oxygen 


mercury) was used to determine the 
extent of yellowing. 

One of the most important aspects 
of observation of activation spectra is 
that this 


selecting a 


information is useful in 


protective ultraviolet ab 
addition to the 


the absorber should display an 


sorber tor 
Ideally 


absorption spectrum matching that of 


plastic 


the activation spectrum of the plastic 
Absorption of wavelengths which are 
not effective in causing degradation a 
complishes nothing except the prema 
ture exhaustion of the protective sub 
stance by its own photodecomposition 
In addition, the 
protection over the greatest wavelength 
effect’ of 
imparting a yellow color to the plastic 


absorbers supply ing 


range have the undesirable 


Table | — Variation in Dielectric Properties 


Combined Die 


constant 


Exposurs 
time, oxygen, 
hr per cent 1 ke 


0 2.275 
>0 0.42 2.332 
100 1.08 2.430 
150 1 87 2 600 


Table ti — Change in Solution Viscosity 
Density and Mechanical Properties of 
Polyethylene with Oxidation 


Ex In 
posure trinsic” 
time, vis 

hr cosit 


1.07 
0 995 
0 720 
0 490 


tent with a process which degrades the 
polymer and causes loss of mechanical 
strength evident in the elongation data 


in Table Ill 


shown 


> Polymer Stability —Its Effect on Processing and Properties-——_—— 


H.S. Kaufman and E. C. Schule 
Centra Researcu Lasoratory 
Acuiep CHEMICAL CORPORATION 
Morristown, New Jersey 


The 


particularly in their end-use form, de 


properties of plastics materials 


pend markedly on the molecular 
weights and configuration of the poly- 
mer molecules. During fabrication and 
processing, polymers are subjected to 
thermal and mechanical 
which may result in 
weight degradation and morphological 


changes. 


treatments 
molecular- 


In general, it is known that optimum 


physical properties of plastics are 
associated with relatively high molecu 
Jar weights. Unfortunately, the recipro- 
molecular 


cal relationship between 


10 


weight and ease of pro essability 


often induces processors to use ex 


cessively high temperatures in order 


melt viscosities for 


This 


and 


to lower easier 


processing invariably results in 


degradation build-up of low 
molecular-weight ends. The highly de 
graded products are characterized by 
brittleness and poor heat aging proper 
ties. 


Under 


jection 


optimum conditions for in 


and extrusion operations, a 


molding plastic should be converted 


into a relatively low-viscosity amor 


phous fluid. The application of pres 
injection ram or ex 


this 


sure from an 


truder screw forces material into 


the die area where the shape is deter 


lectri 


This is due to the long-wavelength side 
of the absorption band having a definite 
slope which extends into the visible 
range. It should be noted that the pro 
tective absorbers are not indestructible ; 
they do photodecompose, but at a much 
than the which 
Photo 


chemical decomposition rates have been 


slower rate materials 


they are designed to protect 


in different media under pow- 


studied 
erful xenon, mercury, and carbon arcs 


The reaction is generally followed in 


terms of the energy absorbed rather 


than time of exposure. The decomposi- 
tion reaction was found to be dependent 
factors, 


on a nimber of including the 


substrate in which the absorber is dis 


persed, the wavelength of irradiation 


and oxygen 


of Polyethylene During Oxidation 


Dielectric loss (tan 4) 


1 ke 10 ke 100 ke 
0 6 
2 17 
j 38 


41 16 


itl — Effect of Oxidation on the 
Properties of Polyetnylene 


Table 
Mechanical 


Ex 
posure 

time, Den Tensile 
hr at strength, 


100 C ’ 4 : psi 


2595 
2205 
2330 
2090 
2160 
1665 
2275 
1290 
1400 


9218 
\ 9248 
25° 9230 
9244 
9232 
9272 
9238 
9320 
9290 


mined, cooling sets the 


shape and controls the crystallization 


Subseque nt 


In practice, many of the materials used 
for plastics fabrication do not form the 
simple, desirable low-viscosity fluid. On 
the contrary, high-molecular-weight, 
long-chain molecules require the use of 
develop 


small-di 


high and thereby 


high 


ameter 


pressures 


shear rates which, in 


runners, sprue bushings and 


orientation. Ex- 
of injection 


dies, causing high 


amples may be 
molded polychlorotrifluoroethylene and 
high-molecular-weight polyethylene. In 
both X-ray diffraction diagrams 
show the effects clearly 
Parts so made have a distinct tendency 
to fail 


molec ular 


given 
Cases, 
orientation 


along the direction of the 


orientation 
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The rapidity of quench from the melt 
affects crystallinity. Examples are 
given of modified chlorotrifluoroethylene 
extruded films. Slow cooling by the use 
of a heated casting roll results in a 
stronger, less permeable, hazy film 
which exhibits dimensional stability on 
being heated to about 150 C. The 


rapidly cooled film is glassy clear; 
however, on heating, even at 75 C, it 
distorts considerably. Another case in 
point is that of the effect of injection- 
mold temperature on impact strength: 
high mold temperature yields high cry- 
stallinity and low impact strength, 
while low mold temperature yields 


quenched amorphous parts with high 
impact strength. The effect of molecular 
weight on crystallinity should not be 
neglected. Usually, high-molecular- 
weight materials crystallize much less 
rapidly under molding conditions. This 
emphasizes the importance of plastic 
stability in its effect on plastics parts. 


Polymer Decomposition: Mechanisms, Energetics and Thermodynamics 


Leo A. Wall 
Natiowan Pomeat 
Washington, D. C. 


OF STANDARDS 


Stable 
would 


high - temperature 
increase the capabilities of 
technology. Considerable re- 
search is now being directed toward 


polymers 
modern 


the discovery or synthesis of such ma- 
terials. Guidance for the production 
of new polymers and the optimum use 
of existing polymers depend to a great 
extent on the limited mechanistic, 
energetic and thermodynamic data now 
available. Thermodynamic data, for in- 
stance, while plentiful for hydrocar- 
bons, are meager for fluorocarbons. 


Research Note 


THe FUTURE possiniLity of obtaining 
truly functional circuit blocks (the per- 
formance of a specific circuit function 
in an integrated block of various ma- 
terials arranged in such a way that 
individual passive or active components 
are not discernible) appears to be 
closer with the announce- 
ment of research work on a process for 
making such blocks at the IBM labo. 
ratories in Poughkeepsie and Kingston, 
N. Y. 

Termed simply “vapor growth,” the 
process consists of the epitaxial growth 
of single crystals of the elemental semi- 
conductors by 


somewhat 


the disproportionation 
of their halides on crystal seeds at tem- 
peratures much lower than their melt- 
ing points. (A deposit is said to be 
epitaxial if its crystalline orientation 
corresponds to the crystalline orienta- 
tion of the substrate or seed.) The 
major advantage of the process is the 
precise control that can be obtained 
in the formation of a device (including 
doping and junction formation) in a 
single operation. 

Vapor growth is carried out in a 
quartz tube (it may be either open or 
sealed) with Nichrome ribbon wound 
spirally around it to achieve the tem- 
perature distribution along the tube as 
shown in Fig. 1. A germanium source 
is placed in one end of the tube and 
a wafer of seed germanium is placed 
in the other. Iodine is then introduced 
into the tube and the following reversi- 
ble disproportionation 
place: 


reaction takes 
2( rel - Ge 


AUGUST 1900 


The standard changes in heat content, 
free energy and entropy, however, are 
available for several hypothetical pos- 
sibilities for the decomposition of poly- 
ethylene. 

There is no substitute for kinetic and 
mechanism studies for arriving at a 
better understanding of the thermal 
stability of polymers and its relation- 
ship with structure. Although partial 
understanding of the mechanism of 
polymer decomposition exists for a 
large series of polymers, only a few 
have been investigated in sufficient de- 
tail to permit the full evaluation of the 
energetics of the process. The activa- 
tion energy for pyrolysis of a polymer 


Vapor Growth of Semiconductors 


At the higher temperature in the left 
end of the tube, the iodine combines 
with the germanium. The resulting 
vapor moves, due to a combination of 
gaseous diffusion and convection, to 
the right end of the tube where, at 
the lower temperature, pure germa- 
nium is deposited on the seed. The 
rate of deposition depends upon several 
factors, including the two temperatures 
and the pressure (the amount of iodine 
used), and is typically 10 microns per 
hour for a low temperature of 400 C. 

The vapor growth process has been 
used also with success on silicon and 
on germanium and silicon doped with 
donors or acceptors. Thus, successive 
layers of p-type and n-type materials 
may be obtained. Doping of the de- 
posited layers has been effected by 
three different methods: (1) the dop- 
ing agent may be dissolved in the 
source; (2) the doping agent may be 
elemental placed 
next to the source; or (3) the iodide 


used in form and 
of the doping agent may be loaded into 
the tube with the other materials. Junc- 
tions between two different semi-con- 
ductor materials, such as germanium 
and gallium arsenide, have also been 
made. 

The purity of the vapor-grown crys- 
tals is reported to be excellent. Al- 
though it might be expected that a 
large amount of iodine might be in- 
corporated, radioisotope measurements 
have shown that the crystals contain as 
little as 1 part in 100,000,000 of iodine. 

Devices which have been fabricated 
by the process include simple diodes, 


may vary with method of preparation 
as well as with molecular weight. To 
decompose, a polymer chain must first 
be converted to a radical—that is, 
initiated. This may occur through ac- 
tion of some impurity such as oxygen or 
by simple dissociation of carbon bonds. 
For high-temperature polymers, strong 
bonds are essential, and every kilo- 
calorie increase in dissociation energy 
counts. For instance, ten more kilo- 
calories increase in activation energy 
over the 83 kilocalories for polytetra- 
fluoroethylene would mean that the 
polymer would probably be usable 
above 450 C. 


variable capacity diodes, tunnel diodes 
and transistors. The low temperature 
of the growth process makes practical 
the use of masks to form the desired 
devices either singly or in arrays. A 
cross section of a tunnel diode is shown 
in Fig. 2. —J. RR. 
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Fig. 1 — Diagram of vapor growth process 
with temperature distribution curve. 
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Fig. 2— Cross-section of a vapor-grown, 
germanium /gallium arsenide tunnel 


diode, 
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NOW... higher magnetic permeabilities 
at low flux densities 


Never before has precise control of magnetic and electronic components been 
so essential and never before has Carpenter been able to offer you as wide a 


selection of high permeability al'oys for your low flux density requirements 


The new and improved alloys whose magnetic properties are shown above, represent 
the most recent deve lopm«e nts in our continuing efforts to produce magnet alloys 


that meet or exceed the ever-tightening requirements of modern electronic design 


Call Carpenter for the widest selection of magnetic alloys available from any 
steelmaker, anywhere. In addition to ten special grades of high permeability alloys 
for laminations and magnetic shielding applications, Carpenter offers a wide 
variety of alloys for magnetic cores including silicon core irons and stainless steels, 


and five types of temperature compensator alloys 


It's a rare set of speci il requirements that can’t be answered by this selection 


Tell us your requirements. Write today, fully describing the magnetic 
characteristics you need and ask for your free copy of Carpenter's new 
64-page booklet describing the engineering properties of alloys now avail thle for 
electronic, magnetic and electrical applications. The Carpenter Steel Company 


11= W. Bern St., Reading, Pa 


[arpenter stec! 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa 


Alloy Tube Division, Union, N. J 
Webb Wire Division, New Brunswick, N. J 
Carpenter Steel of New England, Inc., Bridgeport, Conn 
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AEI’S STANDARDIZED COMPONENTS SPEED DELIVERIES 


Faster, surer delivery on precision standard permanent 
magnet DC motors is one of the major advantages 
offered by American Electronics’ Electro-Mechanical 
Division. Speed is assured by production and design 
techniques developed through years of experience 
in permanent magnet DC motor manufacture. 


Standard frame sizes of 7/8” and 1-1/8" diameters are 
designed for maximum reliability and trouble free oper- 
ation at low cost. DC motors with governor, planetary 
gear-box, or blower are available as special items 
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AMERICAN ELECTRONICS, INC. 
ELECTRO-MECHANICAL DIVISION 


TELEGRAPH ROAD, 
ANGELUS 9-7551 * 


AEI’S complete line of standard permanent magnet 
DC motors is only part of the family of standard AC and 
DC motors, blowers, and special electro-mechanical 
assemblies designed specifically to customer require- 
ments, produced by this Division. 

For information on AEI standard DC motors, or other 
products in the complete line, please write the factory, 
for the name of your nearest AE! representative. 


i 


— new expanded facilities for the Electro-Mechanical 
Division offering customers finer products and service 


LOS ANGELES, CALIFORNIA 
TwWx LA B01 
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DIAMOND 
COMMUTATOR 
TURNING TOOLS 


Designed specifically for turn- 
ing commutators of fractional 
H.P. motors. The DIAMOND 
TOOL assures you of uniform 
accuracy — finer finish without 
grinding and — because natur- 
al diamonds hold their edges 
there is less down-time for tool 
changes and resharpening. In- 
vestigate today. For more infor- 
mation write: 


ARTHUR A. CRAFTS CO.., Inc. 


603 NEWBURY ST. 
BOSTON 15 


EBS) 


CHICAGO PHILADELPHIA DETROIT 
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Random Comments of the Editors and Readers 


Slip of the Decimal Point 


In reporting on the 24th Westinghouse 
Machine Tool Electrification Forum 
(June 1959, pp 94-97) we slipped a 
decimal point in stating the accuracy 


| of Westinghouse’s new numerical con- 


trol system. It should have been 
+ 0.0005 in. (three zeros) instead of 
+ 0.005 in. as printed. That last figure 
is not even close! Our apologies to 
Westinghouse and to D. A. Poepsel, 
development engineer in Systems Con- 


trol Engineering at Buffalo, who pre- 


| defines 


sented the paper on the new Prodac 


system at the Forum in April F.J.0. 


Molecular Electronics— 
The Part or the Whole? 


This “Introduction to 
Molecular Engineering” (Science and 
Engineering Series No. 17, May 1960 
issue of EvectricaL MANUFACTURING) 
electronics” as a 


editor, in his 


“molecular 
sub-area of molecular engineering. EM 
reader and author Dr. E. H. Layer, As- 
sistant Chief, Solid State Devices, Bat- 
telle Memorial Institute, makes the fol- 
lowing comment: 

“Logically, | can see why you desire 
to stress the need for considering mo- 
lecular electronics as only a part of 
molecular engineering. However, it will 


be interesting to see whether, in pra 
this 
used by 

An answer 


definition is and 
the electrical industry.” 
to this hypothetical ques- 
sought by going back to 
the molecular 
engineering concept, Professor Arthur 
R. von Hippel. In a private communi- 
cation, he makes this observation: 
“The concept, ‘Molecular Science 
and Molecular Engineering,” as I 
coined it, is an all-embracing defini 


tice, accepted 


tion may be 


the original source of 


tion for work in the world of mole 
cular dimensions where electric and 
magnetic forces are decisive. The 
names ‘Molecular Electronics,’ ‘Mo- 


lecular Biology,’ etc., are in this sense 
sub-sections of this overall field.” 

It would appear. therefore, that if 
the “molecular electronics” is 
applied to work that falls in the fields 
defined by Professor von Hippel, there 


should be no quarrel with the classifi 


term 


cation of such work as a sub-section or 
subarea of molecular engineering. On 
the other hand, if the term “molecular 
electronics” is applied to work that 
not conform to von 
Hippel’s definition, then it could be 
questioned seriously whether the ad- 
jective “molecular” is indeed properly 
or correctly Actually, we have 
seen many such incorrect uses in recent 
months. For many would 
question the application of this term 


does Professor 


used. 


example, 





Automation Without Tears 


There are some true stories that are so pre 


posterous that nobody would believe them 
as true stories 


Once upon a time there was a mar- 
velous factory that made the most 
beautiful ribbon of the very finest silk 
in the loveliest colors. The managers, 
who were most distinguished, were 
very proud of their ribbon. They took 
great care to have it checked—inch by 
inch—to be absolutely certain that only 
the most perfect ribbon was sent to 
their most elegant customers. Every- 
one was very happy for a long time. 
The managers were happy because 
more and more ribbon was made, and 
the customers were happy because 
they could buy more and more of the 
beautiful ribbon. 


But, one day, the managers noticed 
that the customers were not happy, be- 
they had to wait longer and 
longer for their ribbon while Joe, who 
was the most meticulous ribbon inspec- 
tor, checked the ribbon carefully 
by inch 
before it 
This, of 


very 


cause 


inch 
to make sure it was perfect 
the 
made the managers 
The managers didn’t 
know what to do. Joe couldn't inspect 
the ribbon more quickly 


was sent to customers. 
course, 


unhappy. 


inch by inch 

and still be sure that it was perfect. 
And the customers could not bear to 
wait. Everybody worried and worried. 

At last (like in all fairy tales) a 
good fairy came to the factory, and 
said: “Don’t be unhappy. I shall help 
you, because you are making such 


(Continued on page 168) 
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AMPHENOL’s aggressive research and development pro- 
gram in electrical interconnections has, in a short time, 
produced significant results. A materials “breakthrough” 
in resilient dielectrics has resulted in a line of environ- 
mentally resistant connectors that operate at 400°F con- 
tinuously for 1000 hours. Advanced Micro Min connec- 





tors with contacts on .050” centers and the Micro Mod - : ‘ 
Watch AMPHENOL for continued new product excitement! 


For micro-miniature modular circuitry, 
AMPHENOL’s new 12 contact Micro Mod connectors are 


connectors introduced in this advertisement are the first 
of many new product developments for micro-miniature 


circuitry. now available for evaluation. .380 square 

A central staff of engineers, physicists, chemists and and weighing only 0.73 grams (pair), Micro Mod 
metallurgists — scientific manpower unrivalled in the connectors can be obtained in standard 
connector industry —is concentrating on materials re- and special constructions. 








search and advanced product development, seeks to an- 

ticipate customer requirements up to five years in the 

Send for catalog sheets 

on AMPHENOL Micro Mod and 
and standards to current requirements. Micro Min connectors. 


future. Divisional staffs continue to develop specials 


manufactured by ( 


Amphenol-Borg Electronics Corporation, General Offices, Broadview. //linois 
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FOR YOUR ELECTRICAL EQUIPMENT! 
Buffalo Breeze-Air Propeller Fans mounted at base of this transformer provide up-blast 
cooling of all surfaces continuously. These efficient cooling packages take little space, 
are built to last the life of the equipment and are available in 12” to 120” sizes 
Where equipment is enclosed, installation can be at the side or other convenient entry 
for cooling air. 

If desirable to deliver air by duct, there's a Buffalo Centrifugal Fan in just the right size, 
model and arrangement to provide adequate cooling with minimum space requirements 
Where extreme high efficiency is desired, in direct-connected or in-duct installation in an 
absolute minimum of space — your best choice is a Buffalo Axial Flow Fan. 

Since no one fan is the solution to all problems, Buffalo builds all types, and builds 
quality into every one — for a lifetime of low-cost air service. 
Write our Engineering mt about your equipment cooling 
problem, or contact your local Buffalo Engineering Representative 
for suggestions and information as to the best answer. 


BUFFALO FORGE COMPANY 


Buffalo, New York 
Buffalo Pumps Div., Buffalo, N.Y. ¢ Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


Veatitating + Air Cleaning + Air Tempering + induced Draft + Exhawsting + Forced Draft + Cooling + Heating + Pressure Blowing 
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FAST ECONOMICAL 
SERVICE O 





Consult — 
Our modern plant and facilities for IRS 
turning, grinding, milling, drilling, 
threading, heat-treating and electro- 
plating are available for small or Oo 
large volume. Simple or intricate, prototypes 
flanged or tapered designs from .020” d ; 
to 1.00” diameters. Send drawings an sampre 
and specifications for quotations. quantities 


INSTRUMENT SPECIALTIES 
CO - INC =) 


254 Bergen Boulevard (nal 


Little Falls, New Jersey 
Telephone: CLifford 6-3500 
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| med error crept into the article 


to the growth of dendritic germanium 
crystals, 

The the conflict 
also compounded by a persistent at- 
tempt to equate molecular electronics 
with molecular engineering, to make 
the part equal to the whole. If the mo- 
to or promote the im- 
electronics,” 


confusion—or is 


tive is assert 
portance of 
surely this is short-sighted and paro 
chial. True molecular electronics, even 
though still some years away from full 


will certainly attain great 


“molecular 


achievement, 


stature in its own right. But it cannot 
displace or absorb the universal con 
cept of molecular engineering, which 
has its profound impact on all of 
mankind's problems and endeavors in 
materials and devices AK 


Unprogrammed Typography, or 
Principles of Programming 
Slipped! 
In the July issue of Erectrica Mant 
FACTURING, a completely unprogram 
“Logic 
and the Principles of Programming” 
on page 71. The last line of paragraph 
“1. Selection * should read: 
ae0-+- be (1 0) b 


THIS MONTH’S COVER 
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WICROWAVES. gine 


od Contewe 


For obvious reasons, the cover design is 


composed of the artist's representations 
of cross sections of various types of fields 
in microwave waveguides. [In case the 


| reasons are not as obvious as we think, 


they are: (1) no single design could more 
easily and directly portray the subject of 
this month’s Science and Engineering in- 
sert, and (2) they do make a good design.]} 
The modes in the circular waveguides are, 
from top to bottom: TE,,, TE,,, and 
TE, ,. The large rectangular guide on the 
left is full of TM,, and the small one on 
the right has a magnetic wave in the 
TM,, mode. To go further into these 
matters, turn to the article “Microwaves 
Principles and Devices” 
page &9 


beginning on 
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SILICON POWER RECTIFIERS 
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This select line fits the 
broadest variety of appli- 
cations. Each unitdelivers 
across-the-board versa- 
tility and directly replaces 
many existing types. 


ft 
22% 
gece SERRE 


BEES 
¥ 


* They are designed to serve with un 


qualified dependability in the most 
exacting military and commercial ap- 
plications. 


SEEEERE EREEEEEE 


* They are manufactured to exceed 


the most stringent conditions imposed 
by military specifications 
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* They are conservatively rated to 
assure unexcelled long-term reliability 


They feature very low forward volt 
age drop and low reverse leakage rat 
ings which promote high rectification 
efficiency, excellent regulation and 


; 
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forests 
Current brag 
cn hee | Soimase , 
very low internal losses Adc mAdc 
a Adc sae 
* They are precision engineered to emperature = mAdc 
y 20 mAdc L 
assure the utmost in top-performance 
uniformity and stability, and to func- peo Ht] 3 Ree Bae 
tion at maximum capacity even under = ttn = gee 13 mage 
the most severe environmental and ; 11400 300 70 Adc 3S 
electrical overload conditions. inher b= 4 si soa 
* They carry with them the built-in 70 Amp 70 Ade 30 mAde 13 
reliability and peak performance 150°C Elona Rie = aes 4 
standards associated with all Tung-Sol Tomeutwe CH109C 4 aoe 30 mAdc 1 
components—a result of Tung-Sol’s aie 500 70 Adc 3S 3 
pace-setting quality assurance pro- 80 Amp 1N1291 50 80 Ade 0 
gram. 150°C 1N1292 S 80 Adc ue i 
Case 1N1293 80 Adc 3 13 
Temperature 1N1294 400 80 Adc mAdc 13 
& Max. fwd. voltage drop @ 0.5 amp., 25°C case temperature 
0 er cute suvenay fer centnes Sperciag ‘ate tatective ox restetive lead ot rated cunvent and vetnge 
ree D.C. and : 
; == 70 and 80 amp units @ 150 amps D.C. and 25°C 
AUGUST 1960 t Max. half sine wave peak current for one cycle @ 60 cps 
Storage temperature range for all types . . .-65° to 200°C 
Write for the new Tung-Sol interchangeability chart and complete technical 
information. Tung-Sol Electric Inc., Newark 4, N. J. Technical assistance is 
available through the following sales offices: Atlanta, Ga.; Columbus, Ohio; 
Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, we 


N. J.: Melrose Park. lll.; Newark, N. J.; Philadeiphia, Pa.; Seattie, Wash 
Canada: Toronto, Ont. 
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there is. 
no good 
and original 
observation” 
~ Charles Darwin, naturalist 


Man's search for scientific knowledge and 
understanding has its taproots in the above 
thought expressed by Darwin in a letter to 
his distinguished contemporary, Alfred Rus- 
sel Wallace, in 1857. 


Speculation—intuitive contemplation 
guided by past discoveries—led Darwin to 
his famous observations set forth in Origin 
of Species. Similarly, it led Alexander 
Graham Bell to the invention of the tele- 
phone—and has since led to many major 
advances in electrical communications. 


At Bell Telephone Laboratories, the puz- 
zling flow of current in semiconductors 
provoked speculation which yielded the 
transistor—and a Nobel Prize. Speculation 
about the behavior of the electron led to ex- 
perimental proof of its wave nature—and 
another Nobel Prize. “Brains” capable of 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


guiding missiles and space probes first 
took form in the bold speculations of Bell 
Laboratories scientists. 


Today, Bell Laboratories scientists and 
engineers are more keenly aware than ever 
of the importance of speculative thinking. 
The far-reaching scientific and technologi- 
cal developments of tomorrow are already 
the subject of advanced research. Among 
them are radically new materials and de- 
vices—basically new switching systems, 
transmission via satellites, and waveguide 
networks able to carry hundreds of thou- 
sands of voices simultaneously. 


Through informed speculation about Na- 
ture’s laws, Bell Laboratories will continue 
to search for the “good and original obser- 
vations” which are so vital to the ever- 
improving Bell Telephone System. 
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ON WESTINGHOUSE 
SILICON POWER 
TRANSISTORS v3. 


AVAILABLE NOW IN ANY QUANTITY! Now you can have the proven 
quality and reliability of Westinghouse Silicon Power Transistors at the lowest 
cost yet. Types 2N1015 and 2N1016 are available in 30, 60, 100, 150 and 200 
volt ratings in production quantities to meet your requirements at all times. 
Because these transistors have True Voltage Ratings, they can be operated 
continuously at full published voltage ratings without risk of failure. 





Other Westinghouse Transistor advan- 
tages include: 


@ High Power...up to 150 watts 

@ Collector current to 7.5 amperes 

@ Junction temperature to 150°C 

@ Designed to meet or exceed MIL 
specifications 

@ Extremely low saturation resistance 


Present industrial and military applica- 
tions include: Inverters - Regulators - 
Amplifiers - High Power Switching - 
Telemetry - Guidance «- Power supplies. 

For additional information, and quo- 
tation of new low prices, call your near- 
est Westinghouse representative or 
semiconductor distributor. Or write: 
Westinghouse Electric Corporation, 
Semiconductor Department, Young- 
wood, Penna. $C-1001 


vou can oa sune..nns Westinghouse 
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Each 

Westinghouse {| 
Silicon 

Power Transistor is 
guaranteed by 100% power 
testing before shipment. 


True Voltage 

Ratings—you can 

operate Westinghouse Silicon 
Power Transistors at full rating 
without risking transistor failure. 


For immediate “off-the-shelf” delivery, order 
from these Westinghouse distributors: 


EASTERN 
CAMERADIO Pittsburgh, Pa /EX 1-4000 
CRAMER ELECTRONICS, INC Boston, Mass /CO 7.4700 
ELECTRONIC SUPPLY Melbourne, Florida /PA 3-144] 
GENERAL RADIO SUPPLY CO, INC Camden, NJ /WO 4.8560 
KANN-ELLERT ELECTRONICS, INC Baltimore, Md_/TU 9-4242 
MILGRAY ELECTRONICS New York, N.Y_/RE 2.4400 
RADIO & ELECTRONIC PARTS CORP. Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS Long Island, N Y_/PI 6-6520 


MIDWESTERN 

ELECTRONIC COMPONENTS FOR INDUSTRY CO. 
St. Lowis, Mo_/WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. Denver 4, Colo./TA $-8257 
LENERT CO Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO Indianapolis, ind_/ME $-8311 
SEMICONDUCTOR SPECIALISTS, INC Chicago, Iii_/NA 2-8860 
UNITED RADIO, INC Cincinnati, Ohie/MA 1 -6530 

WESTERN 

Oakland, Calif_/TE 4-3311 
Los Angeles, Calif_/BR 2-8453 
Inglewood, Calif /OR 4-8440 


ELMAR ELECTRONICS 
HAMILTON ELECTRO SALES 
NEWARK ELECTRONICS CO 





OZALID NEWSLETTER 


NEW IDEAS TO HELP YOU W/TH ENGINEERING REPRODUCTION AND DRAFTING 


A simple sponge with new Duratrace 
is your quickest way to renew soiled drawings. 


New washable, scrubbable Duratrace® 
gives you indestructible masters 
you can sponge new! 


If ever there was a drafting film that 
“is forever,” Duratrace is it. New 
Ozalid Duratrace, when used with 
modern plastic pencils, can be wiped 
clean and thereby restored to new 
condition at the sweep of a sponge. 
Drawings, originally done in regular 
pencil or India ink, can also be 
cleaned, although a bit more care 
might be necessary. 

Just combine this cleanability with 


the fact that Duratrace never yellows 
or ghosts, and you’ve got a winner 
that’s hard to match on any count. 
And how about this? Duratrace either 
exceeds or equals any other tracing 
material as far as dimensional stability 
is concerned! 

Want even more? Just check 
Duratrace on acceptability of a pen- 
cil image! Never has a drafting film 
equaled New Ozalid Duratrace on 


pencil acceptability. But the proof is 
really in the doing. There are intan- 
gibles that exist between a draftsman 
and his materials that are hard to 
fully describe. Only your own expe- 
rience with Duratrace can completely 
convince you. We think that 
Duratrace has a certain ‘‘feel’’ that 
makes it a delight and a joy to work 
with. Hundreds of draftsmen agree 
with us. Why not try Duratrace 
today ? Someday, someone might im- 
prove on this. Bet we'll be the ones 
to do it. On every count, doesn’t it 
make sense to try Duratrace? 


If you like ‘em 
stacked for speed... 


Just check our Ozalid Streamliner 
200 Direct Copy Machine. 

Fast? A neat 14 feet per minute. 
Perfect for medium-sized operations 
and easy feeding. 

Wide? A roomy 42 inches that 
takes four 8!» x 11 sheets in a row, 
does them as fast as smaller machines 
do a single sheet. 

And the new close-up controls of 
the 200 cuts operator fatigue; means 
anyone can learn to operate it in 
minutes. 

New stacking system cuts work 
time considerably while the new 
cooling system means greater com- 
fort for everyone in the office. 

But these are just the basic facts 
of operation. How about versatility ? 
The Streamliner 200 is specifically 
designed as a double-duty unit equally 
suitable for both engineering and 
general office work. 

Just invest in one Streamliner 200 
and get both an engineering and an 
office unit in one. You get the bene- 
fits of engineering speeds and width 
in your technical work plus a super 
high-efficiency unit for office copying 
and order invoicing. 

One last plug. The Streamliner 200 
costs a lot less than you would 
imagine. It costs less to operate and 
virtually nothing to maintain. Sold? 
Just contact your local Ozalid repre- 
sentative for a demonstration. 


Ozalid, Johnson City, New York. A Division of General Aniline & Film Corp. 
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Outstanding new Formvar-type wire specifically for hermetic motors using R-22... 


~ HERMETEZE 


Excellent resistance to ( Excellent chemical stability— Hermeteze is Phelps Dodge’s new Vinyl Formal-Ure- 


softening and extraction by ? good resistance to hydrolysis thane magnet wire for hermetic motors operating in 
R-22 and R-12 refrigerants. : y . 

> Retains flexibility in hot oil R-22 and R-12 refrigerant gases and oil. It represents 

a major advance in film wire insulation designed for 

& 9 Retains dielectric at operating hermetic unit operation. In addition to having all the 

temperature. excellent physical, chemical and electrical properties 

% No sacrifice of physical or of Formvar, Hermeteze offers remarkably improved 

electrical properties over properties for protecting windings against failure from 
hermetic Formvar. plastic flow at overload conditions. 


\% Exceptional resistance to all 
conventional solvents 


Outstanding ability to take heat 
and pressure without excessive 
physical softening— provides 
maximum protection against 
short time, high overload 


stress on windings. Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


Formvar” Shawinigan Resins 
FIRST FOR 
LASTING QUALITY— 


Lh 08 
MINE TO MARKET! 
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/F CUSTOM PARTS 


ARE YOUR PROBLEM 


Sylvania can solve it with complete QC™ service 


Helps you with completely objective recommendations Provides superior quality parts, Sylvania utilizes the 
for your parts. Sylvania is backed by long experience in most modern equipment available, and its experience in 
metals, plastics, welds and assemblies, can produce parts tooling means better quality at lower costs for finished 
utilizing a wide range of equipment. parts. In addition, Sylvania practices preventive mainte- 
Offers design assistance that can often improve the nance for dies and equipment to assure you precise uni- 
quality of your part, lower production costs. formity and uninterrupted production. 


MOLDED 
FROM PLASTIC 


Sylvania offers “total” low 
piece prices. Reason? It op- 
erates probably one of the 
most complete lines of mod- 
ern automatic molding 
equipment in the world for 
compression, injection and 
transfer molding. Its bank 
of rotary presses can pro- 
duce more than a million 
parts a day, is ideally suited 
to phenolics and urea, and 
assures minimum cost for 
simply designed plasticparts. 
Results: your plastic parts 
—in volume— are produced 
quickly and at low cost. 


TRICAL MANUFACTURING 












FORMED FROM METAL 


of top quality — and at lower cost. 


AUGUST 10M 





Sylvania maintains custom metal stamping facilities, can produce millions of 
precision-made parts each day from all types of metal. The scope and flexibility 
of these facilities mean that it can deep-draw eyelets, shells, cups and ferrules. 
What's more, a battery of multi-slide machines can produce more than 2 million 
parts daily. Vertical presses can meet daily production needs of 2 million parts. 
And special, Sylvania-developed machines can produce great quantities of small 
wire and ribbon forms as well as wire cuts and leads. 


Results: Sylvania can supply the parts you need —in high production quantities — 


CUSTOM WELDED 


If your part is standard- 
sized, miniature or submini- 
ature, welded assembly is a 
Sylvania specialty. To help 
meet your custom assembly 
needs, Sylvania has devel- 
oped new high-speed, high- 
volume welding techniques, 
advanced welding equip- 
ment, automatic and semi- 
automatic, and a corps of 
trained specialists. 

Result: Sylvania welded as- 
semblies assure high-quality 
electrical and mechanical 
contact, mirror-image uni- 
formity, low cost. 


*QC MEANS QUALITY CONTROL! 


Sylvania maintains a complete quality control department to assure that parts are made to your 
exact specifications. This control works for you throughout the manufacturing cycle. It’s just 
one more way you benefit when you have Sylvania on the job. 


For full details or a quote, write Sylvania Electric Products Inc., Parts Division, Warren, Pa. 


SYLVANTA 


Subsiory of GENERAL TELEPHONE & ELECTRONICS 
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CUSTOM ASSEMBLED 


Many of our customers have analyzed their 
parts assembly needs. And they have dis- 
covered that Sylvania can often deliver a 
completely assembled and packaged prod- 
uct — using either all Sylvania components, 
all customer components or both—at lower 
cost than is possible within the customer’s 
own facilities. 


Result: If your product is small, the parts 
predominantly plastic and metal, and the 
quantities 50,000 or more, it pays to have 
Sylvania assemble it. 





am 





Select here the 
VOLTMETERS, AMMETERS, 


dp 403A Transistor ac Voltmeter—1 cps to 1 MC 


bL« »ry-operated, weighing less than 5 pounds and small enough to hoid 
in your hand — this new transistor ac voltmeter measures 100 ~zv to 300 v 
(max. full scale sensitivity 1 mv) over frequencies 1 cps to 1 MC! Twelve 
voltage ranges; also reads direct in db from 72 to +52 db. 400 hour bat 
tery life equals 6 months of average use; battery voltage may be checked 
by front pane! switch. Noise less than 30 »zv on ali but lowest range. Com 
pletely isolated from power line or ground interference. Average reading 
meter minimizes turnover and waveform errors. Accuracy + 3% to 500 KC, 
5% to 1 MC. Input impedance 2 megohms; generous 600 v overload 
capacity on higher ranges, 25 v maximum on tower ranges. $250.00 


All of these widely useful -hp- instruments are available in rack-mounted 


-hp- voltmeter accessories—voltage dividers, coaxial connectors, voltage 


- em--é 
’ 


Gp 405AR Digital Voltmeter 
Automatic range, polarity 


Here’s true “touch-and-read” measuring simplic- 
ity. Automatic range, polarity selection; covers 
0.001 v to 1,000 v. (Accuracy + 0.2% of reading + 
1 count). New, unique circuitry provides a stabil- 
ity of readings virtually eliminating fatiguing 
jitter in the last digit. Floating input, multi- 
electronic code output for use with digital re- 
corders. Uses electronic computing circuits to 
insure low maintenance, trouble-free operation. 
Just 7” high! $825.00. 


Complete array of ac and de measuring equipment 
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versatile, precision 


OHMMETERS you need. 
multi-purposel 






Gp 4001 
Log VTVM—10 cps to 4 MC 


Covering 10 cps to 4 MC, this new hp VTVM 
features a true logarithmic scale 5” long plus 
@ 12 db linear scale. The log voltage scale 
pilus long scale length provides a voltmeter 
of maximum readability, with accuracy a 
constant percentage of the reading. Accu- 


Direct reading in v, db. racy is +2% of reading or +1% of full scale, 
input impedance with 15 sxf shunt whichever is more accurate, to 500 KC, +5% 
insures —— to circuits full range. Range 0.3 mv to 300 v, 12 steps, 
under test. (max. full scale sensitivity 1 mv). $325.00. 


1% accuracy VTVM 


Here's extreme accuracy of 1% In @ 
precision VTVM covering 10 cps to 4 
MC. Big 5” meter has exact-reading 
mirror-scale, measures voltages 0.1 
mv to 300 v (max. full scale sensitivity 
1 mv). 10 megohm resistance with 15 
zat shunt minimizes circuit loading. 
Amplifier with 56 db feedback insures 
lasting stability. $325.00. 






HEWLETT-PACKARD COMPANY 


1004M Page Mill Road * Palo Alto, California, U.S.A, 
Cable “HEWPACK”" « DAvenport 6-7000 
Field representatives in all principal areas 





models! Also, inquire about 






multipliers and shunt resistors. 








Gp 412A Precision Clip-On Milliammeter 


Volt-Ohm-Ammeter 


At last a true, precision multi-purpose in- 
strument. Measures dc voitage 100 zv to 
1,000 v (max. full scale sensitivity 1 mv), 
1% accuracy full scale. Measure currents 1 
na to 1 amp with +2% accuracy full scale. 
13 ranges. As ohmmeter measures 0.02 
ohms to 5,000 megohms. Extremely low 
noise, drift. Recorder output provides 1 v 
full scale. $350.00. 














—unique value, traditional -hp- dependability U7) 
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New, high sensitivity, high stability in- 
strument reading end scale voltages of 
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Employs radical new approach to cur- 
rent measurement which eliminates 
breaking leads, soldering connections or 
loading of circuit under test. Revolution- 
ary “current sensing” probe clips around 
wire under test, measures the magnetic 
field around the lead. Easily measures 
dc current in presence of strong ac. Cov- 
ers 0.3 ma to 1 amp in 6 steps; full scale 
sensitivity 3 ma. Accuracy +3%, probe 
inductance less than 0.5 wh. $475.00. 


27 




















zzzzzzzzzz 
O0000 


sesgehsssehsssesssés ete 







O0000 





CONTROL 


Transicoil Division exercises complete 
control over every stage of servo manu- 
facture, turning wire, strip, and bar 
stock into complex servo assemblies. 
Only this kind of manufacturing con- 
trol can assure you top performance... 
even on fast delivery prototype models. 





=, 
DAYSTROM,: 
— 


TRANSICO! 
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if you’d ordered these servos on July 25 
you’d be using them NOW 


inimum; OCELIVERY 
forder: QUANTITY — 
Part numbers 





Servo motors and motor- 
generators listed here are 
on the shelf now. One week 
after your order's been 
received they'll be 
inspected and on their way 
to you. Ideal for fast 
prototype requirements, 
these stocked units—“at 
regular factory prices” — 
are precisely the same fine 
servomechanisms for which 
Daystrom's Transicoil 
Division is known. As a 
result you can count on 
future large quantity 
production units to 
duplicate the performance 
characteristics of the 
prototypes in every 
respect. To place orders, 
write, phone, or wire 
STOCKSHIP, Daystrom 
Incorporated, Transicoil 
Division, Worcester, 
Montgomery County, Pa. 





TECHNOLOGY 


Transicoil Division engineers have 
been in the forefront of innumerable 
advances in servo art. Take minia- 
turization . . . Transicoil introduced 
plate-to-plate winding, eliminating 
the transformer from servo amplifier 
design . . . developed the size 8 and 
size 5 motors and motor generators. 


NCORPORATED 
L DIVISION 
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FACILITIES 

Given the desire to turn out reliable 
equipment, you still need the facilities 
to bring your wishes to reality. Transi- 
coil Division backs up its aims with 
complete testing facilities, and one of 
the toughest, most rigid testing pro- 
grams developed for servos, 


WORCESTER + MONTGOMERY COUNTY + PENNSYLVANIA 
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the new SL-2... 
AM ETUC 
limit switch | 
WATE 

TIVIT eaxt 
Neeley 
flexibility 


Tailor limit switch performance to your specific job with 
NAMCO'S standard SL-2. This “machine life” limit 
switch features a standard cam blank which can be cut 
into a wide variety of configurations to meet any applica- 
tion. These interchangeable cams provide positive control 
of contact sequence; let you match switch operation to 
your specific job. Ruggedly built, oil-tight and moisture- 
proof, the SL-2 provides dependable, accurate per- 
formance that meets your most precise requirements. 


Now available for low-current, high-shock, 
excessive-vibration applications...the SLS-2... 
with full-wiping, self-cleaning sliding contacts that insure 
“everytime” operation under conditions that spell 
machine downtime for other limit switches. 

Get all the details on how the NAMCO SL-2 line 
eliminates limit switching problems for good. Write for 
Bulletin EC-SL260, or contact one of our representatives. 
You'll find them in all principal cities. 


THE NATIONAL 
ACME COMPANY 
176 E. 131st STREET 
CLEVELAND 8, OHIO 


Soles Offices: Nework 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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For midget relays—or giant circuit breakers 


147 DIFFERE 


NT 


ELE A SOR 


MALLORY 


CONTACT MATE 


OARS SET 


There’s a big difference in performance 
requirements for contacts. Pin-head size con- 
tacts in miniature relays may need to switch 
a few micro-amps millions of times. Heavy- 
duty contacts in power circuit breakers may 
need to interrupt tens of thousands of amps 
and take severe mechanical and electrical 
abuse. That’s why Mallory offers such a wide 
range of different contact materials—147 
materials in all—each engineered to a differ- 
ent combination of operating conditions. 


Created through specialized Mallory metal- 
lurgical know-how, these materials cover the 
complete range of conductivity, hardness, 
strength, density, are erosion resistance and 
cost. You can get exactly the combination of 
characteristics that gives the performance 
and economy you require. Whatever your 
contact application, you'll find it served 
best within one of these six groups of 
Mallory materials: 


nine. 


RIALS 


awe 
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Elkonite®— high erosion resistance, strength, 
hardness, conductivity . . . industry’s standard 
for heavy-duty switchgear. 

Platinum and Palladium Elkonium® alloys 
—high corrosion-resistant, low contact resist- 
ance for control circuits, auto volt- 
age regulators. 

Silver semi-refractory materials—high con- 
ductivity, good resistance to erosion . . . for 
heavy-duty relays, motor starters, slid- 
ing contacts. 

Silver and Silver Elkonium alloys—high con- 
ductivity, low contact resistance, low cost 
. .. relays, controls, small appliances. 
Tungsten and Molybdenum—high wear resist- 
ance, high strength, high melting points. . . 
for voltage regulators, automotive ignition, 
magnetos, vibrators. 

Copper and Copper alloys—high conduc- 
tivity, high strength, low cost .. . for con- 
tact backings, contactors, knife switches, 
tap changers. 
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COST-CUTTING DESION ASSISTANCE. 
Original design of this magneto 
breaker contact assembly had 
a rivet contact staked to a 
breaker arm, then soldered to 
a steel spring member. Sim- 
pli fied design by Mallory used 
a stepped-shank rivet, staked 
to both the apring and the arm; 
two simple staking operations 
replaced staking and solder- 
ing. Result: lower cost, better 
performance. 
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SPECIALIZED CONTACT ASSEMBLY 
metTHoos. Volume contact as- 
sembly at Mallory makes it 
practical for us to apply special 
equipment that would be un- 
economical for once-in-awhile 
use. Typical is this “mag-head” 
welder, which joins contact 
materials to backing members 
with greater strength and dur- 
ability than brazed assemblies 
. eliminates silver solder. 
Mallory assembly saves you 
time, trouble and money. 





Mallory Metallurgical Company 
Indianapolis 6, Indiana 
A division of 







Consult a Mallory contact engineer when you 
need recommendations for the materials best 
suited for your requirements. He’ll help you 
get top performance with your new or current 
contact designs—at the lowest cost. Write 
or call today. 
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ADVANCED DESIGN CONCEPTS...WITH BEARINGS FOR MOTORS 


32 


A major advance in electrical motor design has been 
made possible with the introduction of Torrington 
Drawn Cup Roller Bearings. 

The advantages of drawn cup outer race construc- 
tion are now available in a compact, low-cost, pre- 
cision roller bearing. Design restrictions imposed by 
the need for in-service lubrication are eliminated 
These bearings can be pregreased for life. They insure 
highly efficient anti-friction performance, yet are com- 





pact and exceptionally light in weight. They offer ex- 
treme design simplicity in housing and installation. 
Their cost is low. In many cases, armature bearing 
costs have been reduced by as much as 50% 
Torrington Drawn Cup Roller Bearings have a field 
of application ranging from advanced servo-motors to 
domestic appliances. Their development is one more 
example of Torrington’s continuing effort to improve 
bearings in design, material and performance 


THE TORRINGTON COMPANY 


Torrington, Conn 


« South Bend 21, ind 


RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE 
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IN RACK 
AND PANEL 
CONNECTORS 
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MAKES 


THE DIFFERENCE! 


Right here in the socket contact lies the heart of the AMPin-cert Connector line: the AMP cantilever 
spring. Seated in the slot of the socket to meet the pin shaft, it is your key to top connector reliability. 


It provides you with positive wiping action . . . consistently sound electrical contact... firm pin grip... 


and stable resistance—yet has an extremely low, uniform insertion and withdrawal force. And, regardless 
of the metal plating you choose or the thickness you require, all pins and sockets are provided with an 
underplating of nickel to give long life reliability in all critical applications. 


Add to this cantilever construction, many other plus features including AMP’s industry proven solderless 
crimping technique to help you design and manufacture products of the highest reliability and lowest cost. 


Take your pick: AMPin-cert Connectors in Series D, M and W as well as environmentally sealed or un- 
sealed Series A—all tough enough to soak up heavy punishment while providing the dry circuit sensitivity 
you need for your most critical applications. 


The complete story is available in catalog form. Write today for your copy. 


ANMIP INCORPORATEL 


GENERAL OFFICES: HARRISBURG, PENNSYLVA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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TO THE ENGINEER 


who likes his switching gift-wrapped 


If you want your control functions prewired, 
hermetically sealed in a neat package, tested 
out, and as ready as instant coffee, you’re 
listening to the right people. 


Because AE has a gift for wrapping up 
relays and stepping switches in tidy control 
packages of your design—or ours, if you 
prefer. 


For instance, the control package illus- 
trated houses an AE Type 45 Rotary Stepping 
Switch wired to multiple-pin headers for 
direct plug-in (and we supply the properly 
oriented socket mounting plate). This partic- 
ular job has 462 connections, and could just 
as readily be equipped with MS connectors 
for insertion in matching cable plugs. 





The point is, we've been wiring telephone 
switchboards and automatic control devices 
for years, and have the technique down pat. 
So pat that it would probably cost you less 
to let us do the job. 


3esides, AE engineers are past masters at 
designing complex switching circuits. You 
can leave it to them, if you wish, to dope out 
the least expensive way of accomplishing the 
most sophisticated switching. 


How about letting us in on your control prob- 
lem? Just write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
illinois. Also ask for Catalog 4083 : ‘‘Hermet- 
ically Sealed Relays and Switches.” 


AUTOMATIC ELECTRIC ‘sax) 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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A real self-drilling screw! 


ec ae . 
iyi 


Zz 


P-K Tapits actually dri// their eS Uniform Hex Head—Same size hex 
\ ry head on the entire range of Tapits from 
way into light gage sheets oil ~ #6 to #10 means you need only one size 


; ; _“ driver socket. Sharp corners, well-filled 
when driven with a power driving faces reduce socket wear. 


driver! You eliminate hole drilling or ~~ at é a Advanced washer design—the serrated 


. ; : : . washer scientifically distributes driving stresses 
punching with this newest idea in r .. . Minimizes stripping. 
tapping screws from Parker-Kalon... .“ ™ eee Sharp-crested threads—Holes drilled by 
speed sheet metal assemblies up to 50% a ee ee ee eee 

p p to 2 ) better because thread in engagement material 
' t fectly. 
What's more, P-K Tapits have a ? ae eee 
; rs Properly hardened—P-K's exclusive laboratory- 
serrated washer, integral with the head, . i ii controlled hardening and tempering process results 
a ‘ ' f ly hard d that h , 
that minimizes stripping, by acting 3 4 ee tem 
— USE P-K'S MAGNETIC DRIVER SOCKET FOR POWER DRIVING! 
as a Duill-in Drake. 


oa F , You need only one size driver socket to drive any P-K Tapits! 
. ones Get the P-K driver socket with a strong Ainico magnet 
Production line tests with millions that firmly holds the Tapits. Fits any 4" driver with adjustable 

4 clutch. Socket can be refaced lo extend life. 


of P-K Tapits prove these advantages 


you get with no other screw: Bp: LU’ PARKER-KALON 


Unique drill point—Tapits start drilling immediately! — originator of the tapping screw 
PARKER-KALON, ad f General American Transportation 


The cuneiform (pyramid-type) point prevents walking, , 
Corporation, Cit New Jersey ffices and waret 
skidding or creeping! 


in Chicago and Los Angeles. 


P-K TAPITS - 


TEST P-K TAPITS FOR YOURSELF! ASK YOUR DISTRIBUTOR FOR FREE SAMPLES 
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You get MORE THAN A MOTOR with General Electric’s 





Form G...for example... 


" 


< Dail 
Ease of Assembly... 25 y ’ 


Fast, easy assembly is an unchallenged virtue of the b | 
General Electric Form G fhp motor. Mount it in minutes. 

Hook it up in seconds. Count on savings in both 

installation time and costs. And .. . rest assured you’re 

including the best fhp motor that money can buy. 


EASE OF ASSEMBLY is only one of several unmatched 
Form G “‘extras’’. See the next page for a review of several easy- 
assembly features, plus the reasons why you get MORE THAN 
A MOTOR when you select General Electric Form G motors. 


GENERAL @@ ELECTRIC 








Ce Pe 


These years-ahead Form G motor features 
speed assembly, cut shipping costs 


1. EASY TO HOOK UP An enlarged 2. FAST CONDUIT CONNECTION A 3. FAST LEAD CONNECTION) Quick 


wiring compartment and a clean ter- special speed nut, welded inside the connect wiring tabs on all external 
minal board give you greater accessi- motor shell, permits conduit connec- and internal terminals cut wiring 
bility; speed connection; save you tion from outside; makes hook up fast, time in half. Simply plug in leads 
assembly-line time and money easy; simplifies motor installation for fast, easy, positive connections 













4. SAFE, SIMPLE GROUND A built 
in grounding lug on General Electric 
Form G motors permits fast, easy 
grounding of a third lead (when 
required to meet UL standards 


5. COMPACT, LIGHTWEIGHT lp to 
50° lighter, 40°. smaller than old 
tvyle motor designs, Form G motors 
‘ost less to handle, install and ship 
cut down assembly-line fatigue 


6. ALL-ANGLE OPERATION All- 
angle sleeve bearings and positive oil 
retention system allow you to mount 
standard Form G motors in any 
position. No need for costly specials 


Only General Electric Form Gs give you MORE THAN A MOTOR 


1. EASE OF ASSEMBLY Form G motors provide as 6. FAST, LOCAL SERVICE a nationwide network of G-E 
sembly-line savings in time and money Electric Motor Service Stations means service is al- 
ways close at hand 


2. EXPERT APPLICATION AID (G-E engineers are always 
available to help solve unusual motor applications 7. QUALITY CONTROL) every Form G motor is thor 
oughly tested at all stages of production to assure you 


long, dependable performance 
3. ON-TIME DELIVERY multi-plant facilities assure you 


reliable, prompt delivery of the exact motors you need 
Moke sure you get MORE THAN A MOTOR when you select fhp drives 


for your product choose General Electric Form G motors, available in 
4. YEARS-AHEAD DESIGN LEADERSHIP consistent leader NEMA 48 ond 56 frames. For more information contact your nearby 
ship by GE. keeps Form G motor customers ‘ out front’”’ General Electric Apporatus Sales Office or write Section 702-111, 


General Electric Co., Schenectady 5, N. Y 


5. VERSATILITY PERSONIFIED) a Form G motor can 
meet almost any design requirement. G E N E R A L E LE C T R [ 





Alcoa Aluminu 
... easy to join 
method! 


Brazing of Alcoa Aluminum may be accomplished through a wide 
variety of brazing techniques, depending upon the particular 
manufacturing process of which the brazing operation is to be- 
come a part. In addition to the dip brazing method shown above, 
Alcoa Aluminum is easily and successfully joined by furnace and 
torch brazing. Specialized brazing techniques such as mechanized 
flame brazing, induction brazing and block brazing provide for 
automation. 


€@ Circle 131 on Inquiry Card 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. 

For example, Alcoa Aluminum is low in cost. . . 
lighter in weight .. . easier to handle .. . nonmag- 
netic ... corrosion resistant ... strong in alloys... 
offers more current-carrying capacity per pound... 
is easy to spin, form, bend, roll... can be cast, forged, 
extruded or drawn. 

Ask your Alcoa sales engineer to show you how 
you can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-H 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Photo courtesy of Raytheon Company 


aALtcoa © ss Your Guide to the Best 
ALUAINUM in Aluminum Value 
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No. 1827 
ACTUAL SIZE 
Pat. Pend. 





ROTARY 


LH 


=) 


S/IMPLE, SNAP-IN INSTALLATION of No. 1827 cuts time and 
labor costs...eliminates fumbling with lock nuts. Locks 
into a keyed mounting hole with a single push. Designed 
expressly for pole lamps, tree lamps and small appliances— 
where limited space is a consideration—this new, small, com- 
pact and efficient switch is precision engineered with the 
same time proven ratchet-action mechanism standard in all 
Circle F Rotary Switches. Rated at 1 A.-125 V.T.—8 A.- 
125 V.—1 A.-250 V. and a special 6 A.-120 V. A-C. 

Contact your local Circle F representative for complete 
information or write direct. 


CIRCLE F MFG. CoO. 








TRENTON 4, NEW JERSEY 
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ARNOLD 6T CORES: 
PROTECTED AGAINST SHOCK, 
VIBRATION, MOISTURE, HEAT... 
AVAILABLE FROM STOCK 


The hermetically-sealed aluminum 
casing method developed exclu- 
sively for Arnold 6T tape cores is 
packed full of advantages for you 

. performance-improving and cost- 
saving advantages. 

It is compact: you can design 
for minimum space/weight re- 
quirements. It’s extra-rigid to pro- 
tect against strains. And it gives 
you maximum protection against 
environmental hazards. Arnold 6T 
tape cores are guaranteed against 
1000-volt breakdown . . . guaran- 
teed to meet military test specs for 


ALGUST 19600 


resistance to shock and vibration 

. guaranteed also to meet mili- 
tary specs for operating tempera- 
tures. They require no additional 
insulation before winding, and can 
be vacuum-impregnated afterward. 

And now a NEW Arnold service: 
immediate delivery on your proto- 
type or production requirements 
for Deleamax 1, 2 and 4-mil Type 
6T cores in the proposed EIA 
standard sizes (see AIEE Publica- 
tion 430). A revolving stock of 
approximately 20,000 Deltamax 
cores in these sizes is ready for you 
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on warehouse shelves. Subject to 
prior sale, of course, they're avail- 
able for shipment the same day your 
order is received. 

Use Arnold 6T cores in your de- 
signs. Technical data is available; 
ask for Bulletin TC-101A and Sup- 
plement 2A (dated June’60).@Write 


The Arnold Engineering Company, 
Main Office and Plant, Marengo, Lil. 


ADDRESS DEPT. EM-8 


RNOLD 


BAR in MAGNETIC MATERIALS 


BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST in the YELLOW PAGES 


's3e 





41 





TIME-LAG 
Bs Is 


For fuses with 200,000 
ampere interrupting capacity... 


plus, extreme current-limitation 


plus, time-lag to prevent 
needless blows - you need... 


Buss LOW-PEAK fuses 





A Revolutionary New Protective 
Device 


Buss LOW-PEAK Fuses are designed to meet modern demands 
for electrical protection. 


They safely interrupt fault currents up to 200,000 amperes 
... limit let-thru current to exceptionally low values... and 
hold 500% load for minimum of ten seconds. 


Protect Mains, Feeders, Branch Circuits, Motors, Con- 
trollers, Switches—no matter whether the fault current is 1,000 
amperes, 25,000, 100,000—or as high as 200,000 amperes. 


Reduce stresses and prevent damage to Panelboards, 
Switches, Motor Controllers—other circuit components—be- 


cause let-thru fault currents are limited to exceptionally low 
values. 


Can be easily co-ordinated into a selective system—to 
limit fault outages to circuit of origin. 


Prevent work stoppages, lights out, waste of time and 
money — because long time-lag keeps them from opening need- 
lessly on motor starting currents or other harmless overloads. 


Permit increasing interrupting capacity and current limita- 
tion on present electrical system at minimum cost. Buss LOW- 
PEAK Fuses fit standard switches and panelboards. Available 
from 15 to 600 amperes in both 250 and 600 volt ranges. 


Guard motors against burnout from single phasing and 
overloads. 


Low operating temperature reduces heating in switches 
and panels. 


Provide thermai protection for equipment against damage 
due to poor contact. 


Protect against waste of space and money by permitting 
the use of proper size switches and panels. 


Remain safe throughout the years without maintenance 





or recalibration. 
A pen rene Fang Seneees Choe hea “Ewe 
| Bussmann Mfg. Division, McGraw-Edison Co. 
Write for Buss University ot Jefferson, St. Lovis 7, Mo. 
LOW-PEAK Bull tii i Please send Buss LOW-PEAK Fuse Bulletin LPCS. 
Now...or use coupon. seen aide 
| 
BUSSMANN MFG. DIVISION, = a 
McGraw-Edison Co. 
St. Levis 7, Me. i Company asia 
a | 
! PBDI os ccrcsrrircainriemnintenenlg BRWIO. crercecscccnces 
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for the most efficient 


CHEMICAL 





DIVISION 


and economical production of 


forming gas mixtures 


... provides by far the most economical and efficient method 
for the production of pure nitrogen — completely free of 
oxygen —and with hydrogen content precisely controlled 
at any desired percentage between 0.5% and 25%. Nitro- 
gen is supplied at a fraction of cylinder supply cost. 

The Nitroneal Generator is automatic except for startup, 
with no need for operating personnel. The unit performs 
instantly, efficiently anywhere in the range of from 25% to 
100% of rated capacity. Installation requires only a 110 
volt line, water, air, ammonia lines and drain facilities. 
Units can be supplied in capacities of 100 cfh to 10,000 cfh. 
...The catalyst lasts indefinitely — maintenance costs are 


practically nil. Write for complete catalog material and data. NITRONEAL 


GAS GENERATOR 






CHEMICAL DIVISION + 113 ASTOR STREET 


NEWARK, WN. J. 
Circle 136 on Inquiry Cord 


‘ ait 
oe , Sag. 

eo a 
2s nen I 


BAKER 
PLATINUM 
DIVISION 





Platinum clad wire, sheet and tubing make it possible to in- 
corporate all the important desirable characteristics of the 
noble metals in equipment, at minimum cost. Platinum clad 
is pure platinum or an alloy of platinum so securely bonded 
to a base metal body that the composite metal can be fab- 
ricated. The gauge of the platinum metal can be specified 
to requirements. The process guarantees continuous pore- 
free platinum cladding with a work function metal such as 
platinum or platinum alloy to perform at elevated temper- 
atures. Write for literature. 
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BAKER PLATINUM DIVISION + 113 ASTOR STREET 
NEWARK, N. J. 
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DOMESTIC DIVISIONS: AMERICAN PLATINUM @ SILVER DIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * BAKER DENTAL DIVISION * BAKER PLATINUM 
DIVISION © BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIGUID GOLD DIVISION * INSTRUMENTS © SYSTEMS DIVISION * IRVINGTON BAKER REFINING Div! 
SION * 0. E. MAKEPEACE DIVISION * RESEARCH & DEVELOPMENT DIVISION * 1. A. WILSON DIVISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTO, TO 
FONTO © ENGELHARD INDUSTRIES LTD., BAKER PLATINUM DIVISION, HANOVIA PRODUCTS DIVISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIOSOS & A... BO 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE * ENGELHARD PROCEDURES RECOVER 


44 


cs. = 


ELECTRICAL MANUFACTURING 


look to Amersil for all high purity 
fused quartz requirements. 


a. 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission applications, laboratory 
ware and production equipment. These products include 
standard apparatus, plain tubing in many intricate fabrica- 
tions, crucibles, trays, cylindrical containers and piping in 
a full range of sizes up to 25” in diameter. Ingots and plates 
are available in general commercial quality as well as in 
special optical grades. Amersil engineers are also prepared 
to assist in developing fused quartz and silica equipment 
for special requirements. Send for literature. 








AMERSIL 
QUARTZ 


DIVISION 





AMERSIL QUARTZ DIVISION + 685 RAMSEY AVENUE 
HILLSIDE, N. J. 
Circle 138 on Inquiry Card 


wy Lop ae fe do] 
' a] L* uU b T R ! ' La] eS. 





ee ee ee ee ee 


NEWARK 


a A 1 
DIVISION 


=)” THERMOMETAL for dependable 
| temperature, electrical current and 
voltage control applications. 


Leading manufacturers depend upon the outstanding per- 
formance of Thermometal in electrical appliances, thermal 
cutouts, heating controls and many other applications in- 
volving the indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is supplied in 
strip form, rolled and slit to close tolerances and tempered 
to specification. Thermometal elements and sub-assemblies 
are also supplied to specifications, with or without contacts 
attached. Send for literature. 


H. A. WILSON DIVISION © U.S. HIGHWAY 22 
UNION, N. J. 
Circle 139 on Inquiry Card 


GOTA * ENGELHARD INDUSTRIES ©.A.R.L., PARIS © ENGELMARO INDUSTRIES A/S. COPENHAGEN * GLOVER & GOODE PTY.,LTO., MELBOURNE + ENGELHARD INDUSTRIES, K.x., 
TOKYO * ENGEL MARD INDUSTRIES, PTY , LTO... MELBOURNE * ENGEL HARD INDUSTRIES, LTD., ZURICH * INDUSTRIE ENGELHARD &.F.A., ROME * GUILIANO STACCIOL METALL! PRE. 
ZIOSO &.P.A , ROME * INVERSIONES EN INDUSTRIES NACIONALES, &.A., BOGOTA. ASSOCIATED COMPANIES: KALIE.CHEMIE-ENGELHARD KATALYSATOREN G.M.B.H., HANOVER 


100° OF ASSAYED PRECIOUS METAL CONTENT °  IRVINGTON-BAKER REFINING DIVISION 
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KCP SERIES 


KT SERIES KR SERIES 


three for dependability at low cost 
MEET P«&B’s FAMILY OF “‘K SERIES” RELAYS 


Here are only three of a large family of “‘K Series” 
relays by P&B. Blood brothers all, they are 
distinguished by fine craftsmanship and design 
maturity. Together they will handle a multitude 
of switching requirements. 


Many design engineers find it saves time, saves 
money to integrate their circuits with related PaB 
relays. Makes sense, doesn’t it? 


KR—A small, lightweight relay used widely in 
communications and automation. Engineered 
for long life and dependability. 3PDT max. AC 
or DC. (See engineering data. 


KT—Designed for antenna switching. Capaci- 
tance: 0.5 mmfds between contacts. Terminal 
board is glass melamine and stack insulation is 
glass silicone for minimum RF losses to switch 
300 ohm antenna line. 3 PDT max. AC or DC. 


KC—Low cost plate circuit relay with sensitivity 
of 125 mw per pole. Factory adjusted to pull-in 
on specific current values. Available open, her- 
metically sealed or in clear plastic dust cover 
with standard octal-type plug. 3 PDT max. DC. 


KR ENGINEERING DATA 


GENERAL 
Breakdown Voltage: 500 volts rms minimum between 
a elements 


Temperature Range: 
DC Cols —45°C to 85°C, 
AC Cois—45°C to 70°C, 
Terminals 
Pierced solder lugs standerd. Oda! 8 ond 1! pin 
plug-in heoders available 


Enclosures: Type K —Mermeticolly sealed 
Type P cleor cellviose ocetate dust cover. 


CONTACTS 
Arrangements: 3 Form C (3PDT) mox 


Material: 4" dia. fine silver (gold plated) 
Other materials available to increase contact copacity. 


Leed: 5 amperes 115V 60 cycle resistive 

cous 

Resistance: 16,500 ohms max. AC or DC 

Power: |.! wotts minimum to 4 wotts moximum for 


DC at 25°C ambient 


Duty: Continuous 
Insulation: Centrifically impregnated with insulating varnish, 


Pab STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTROWIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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PHELPS 
DODGE 
MAGNET 
WIRE... 


AGLAS 


Offers flexible / 
glass insulation / 
with proven 


























thermal 
stability f Phelps Dodge Daglas, a magnet 
wire insulation of fiberglas and 
Dacron* fused together, combines 
the excellent performance of glass 
wire with exceptional flexibility, 
adhesion and forming properties. 
Daglas is proven in Class “B” and 
“F” applications, takes tougher 
windings, cuts rejections and 
lowers overall costs. When used 
with a silicone overbond, Daglas 
Te meets Class “A” requirements - 
7 TT and eliminates Class ‘H’’ winding 
YH problems. 


*Dacron—Du Pont’s polyester fiber 


FIRST FOR. 
LASTING QUALITY 
—FROM MINE 

TO MARKET! 
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TYPE 620 Elapsed Time Indicator (top) shown approx- 
imately full scale, is offered for operation on 115 volt, 
60 or 400 cycle power. Dimensionally, the version illus- 
trated meets MS-28053 and NEMA standards, and is 
front-panel mounted through a 1-19/32” diameter open- 
ing. All relevant test requirements of MIL-M-7793B and 
MIL-E-5272B are met or exceeded (to 50 G’s shock, 
2000 cycle vibration). An optional back-panel mounting 
adapts to existing panel drilling. Hermetically sealed, 
Type 620 has recessed solder lugs at rear for electrical 
connections. Total registration 9,999.99 hours, weight 
about 4 ounces. Designed primarily for military use, 
the unit will give unsurpassed service in rugged indus- 
trial applications. 

TYPE 120 Miniature AC Motor (right) is rated 115 volts, 
60 cycles. Permanent-magnet design assures fast response 


ELECTROMECHANICAL DIVISION 
' 
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NEW Cramer miniatures for military use 
record elapsed time, - drive positioning devices 








and truly synchronous operation. Running torque .08 
inch ounce at 240 rpm rotor speed, weight approx- 
imately 2 ounces. 


TYPE 821 Ungoverned DC Motor (bottom) for no-load 
speeds from 8,000 to 20,000 rpm. Typical 28-volt arma- 
ture develops 14,200 rpm no-load, 12,600 rpm at 0.1 
inch ounce load, with current drain about 100 ma. 
Weight under 2 ounces. Meets MIL-T-5422E. 


TYPE 890 115-Volt 400-Cycle Motor (left) is a single-phase 
hysteresis-synchronous motor. Available as basic 7%” 
motor (like Type 120 at right), or in 1l-inch flange- 
mounted can illustrated, containing motor and capacitor 
network. Produces .01 inch ounce torque at 3000 rpm. 
Weight under 2 ounces. 


Write for complete information, specifications. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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NEW TI GENERAL-PURPOSE 
SILICON MESA TRANSISTORS 
















only mesas give you maximum dissipation . . . Note how 
wafer is bonded directly to header, forming a direct, 
high-efficiency metal-to-metal thermal path through 
the header. High dissipation capabilities permit you 
to design conservatively for maximum reliability! 


only mesas give you maximum mechanical ruggedness 
- » « Note how active element is bonded directly to 
header, close to unit's center of gravity—for maximum 
resistance to vibration and shock. 


Ti 2N1564 series GUARANTEES -55°C beta, 
600-mw dissipation and gain at 30mc 


Qo Cenk Lee C.D " 
; small-signal silicon mesa tran- | absolute maximum ratings at 25 C ambient (unless otherwise noted) 


' 

' 'sistors...the new TI 2N1564- Collector-Emitter Voltage (seenotel). ........ ® 
' 

' 

' 


: i ge sg gy 
|series! Take advantage of guar- Total Device Dissipation at 25°C Case Temperature 


ACTUAL SIZE ° NS a ee aes war gt ua le 1.2 
arene areee santeed -55°C betas of 12, 20 and Total Devin Disipetion at 25°C Ambient Temperature Ee 
40... guaranteed 600-mw free-air dissipation oon ante » ett tt ee 0s is | 

: lor Junction Temperature. . . . .. 2... .. 
... guaranteed current gain at 30 mc. Apply the Storage Temperature Range. =... ~65°C to +-200°C | 


pote scr 


design flexibility of 1 to 50 ma collector current ; 3 
operating range; 20-50, 40-100 and 80-200 beta Note 1 ; 

; : The voltage at which hrg approaches . 
spreads at 25°C and 60-v collector-emitter break- diode i$ open cireutted. Th ae be went nig Bet 
down voltage to your audio, medium-power and ease pcg cua base and emitter ts 8 ae a 

. : . 'e 2: Derate linearly to case temperature at the rate of 8.0 mw/°C. 
higher frequency amplifier and switching de- Note 3: Derate linearly to 175°C ambient temperature at the rate of 4.0 
signs...Specify the new TI 2N1564-series. mw/°C. 

Available TODAY in production quantities through all Tl Sales Offices and Authorized T! Distributors. 


2N1564 2N1565 2N1566 
Parameter Test Conditions Unit 


ceo Collector Reverse 
Current Voge = 40¥ Ip = 0 ya 


= _ 
Breakdown Voltage | = 10 Ie = 0 volt 
BVceo* Collector-Emitter 
Breakdown Voltage | = 10 ma ig = 0 volt 
Vee =5v l¢ = —S5 ma 80 200 
h A-C Common-Emitt Faw 
f - mon-tmuitter 
ere ec eee ed 
Transfer Ratio Raum — 
f =m 


INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 - DALLAS. TEXAS 


the FrirsTsiticon transistor manufacturer 


ee INSTRUMENTS 
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DIVISION 


CHRYSLER & | 


CORP. 


The Amplexologist occasionally gets more than he bar- 
gained for. But that’s not bad. It’s good. In fact, it’s like 
hitting the jackpot on the 123rd try. 


Why? Well, the Amplexologist has convinced any 
number of manufacturers that a few of the parts in their 
products can be made better and cheaper by eliminating 
ae costs through advanced powder metallurgy 

(i.e. Amplexology). 


Strange to say, however, many of these same manufac- 
turers are often hesitant about exploring the broad appli- 
cation of powder metallurgy tc their product. Well, it takes 
time. But sooner or later most of them take the plunge: 


O.K., Genius. Let’s see how good you really are. Take 
all the prints for our new models. Check every one. 
Then you tell us how many parts can be made out of 
powder metal. And how much they'll cost. 


You see? Jackpot. And not just for the Amplexologist. 
For the manufacturer, too. A cost saving jackpot . 
because he’s starting when designs are still flexible to take 
full advantage of powder metallurgy. 


Challenges like this (“You tell us...””) pay off for man- 
ufacturers and for us. They have in fact, helped make 
us the world’s largest and most experienced producer 
of powder metal parts. Another reason why leading 
manufacturers say: When it comes to powder metallurgy 
—Amplex has the answer. 


“You tellus...” 


The parts shown are a new gear train: 
driver gear, high and intermediate 
speed driven gears, low speed gear, 
pinion gear. These five parts plus ten 
more were selected by the Amplex- 
ologist—who was called in at the 
design stage—for powder metal pro- 
duction. All are finished precision 
parts which require no machining 
(except the helical gear). Estimated 
savings on the gear train, 86%. 


SEND COUPON ... if you'd like to talk over 
your product with the Amplexologist. Don't hesi- 
tate. He's always happy to get out of the office. 


AMPLEX DIVISION « CHRYSLER CORP. Dept. E-8 
P.O. Box 2718 » DETROIT 31, MICH, 


Please have the Amplexologist call to look into the 
possibility of using powder metal parts in our product. 
SN itabiasnssipieniinecsoseni 

COMPANY 

ADDRESS__ 

CITY 

PRODUCT 
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Now you can give them this pre-sold functional 


improvement...and increase sales, too! 


A convenience proven on a million phones. . . Coiled Cords will 


now give your appliances the same extra mass appeal. 
one PP ppe “SAFETY FLIES A FLAG" 


Coiled Cords provide housewives with safer neater 

work areas; are self-storing and bacteria resistant. Made 
of heavy duty cord, they are quality produced for 
extra-long service. No need to redesign your 


products... add no-Knot Coiled Cords HPN (HEATER) TYPE 
COILED CORD 


Extra-heavy Neoprene jacket. 
Permanent flexing qualities. Extra 
thick insulation. Cord resists food 
chemicals, odors and may be wiped 
clean without damage to coil action. 


anytime! Available in plastic and color. 


aS TYPE SP COILED CORD 


eo re 
Ms Available in SP-2 Type for fans, 
blenders, TV, radio, Hi-Fi, small hand 
tools and grooming devices. 


TYPE SV COILED CORD 


Ruggedly constructed to reduce 
probability of cord replacement. Ap- 


plicable to vacuum cleaners, port- 
able and stationary food mixers, etc. 
TYPE SJ COILED CORD 
Add another element of safety when 
applied to heavy power tools, ra- 
dial saws, hand driils and pin- 


imature spotters. 
ale portable 
00d miner 116 216 316 416 Cords to fit heat 

hment plug Miniature plug Attached eyelets Standard plug Extension type probe elements 


OTHER ESSEX ENGINEERED CONTROL COMPONENTS 


Wire and Cable A RBM Relays Industrial Plastics 


A complete line of appl Low cost, high quality relays Flexible and rigid viny! ex- 

wiring material, radio, tele eneral purpose, open and | truded shapes and foam cus- 

vision and electronic hook-us ermetically sealed, motor } tom designed and volume 

wire, 200° C high temperature f starting. AC industrial con- ’ | manufactured to meet your 

Si-X wire. gutomotive wires ' tactors and starters for Com- exact needs. Now producing 

and cables, and flexible cords / munications, Electronic and for a variety of industrial ap- 
, , Appliance industries. plications. 


Wire Progects. ws R-B-M Controls Div., Carolina Industrial > 
Wire and Cable Div. | A¢ Essex Wire Corp. | Plastics Div. 
Essex Wire Corp S% Logansport, ind. @& fe 

Lis6.Sye . 


Marion, Indiana 


Write for samples or see your Cords, Lid. application engineer! 


CORDS LIMITED 


Division ESSEX WIRE CORPORATION 
DeKalb, Illinois 
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Moisture-resistant and low cost Dilecto cams 
for automatic washer and dryer controls 


SOLVING MATERIAL 
DESIGN PROBLEMS 
HEAT RESISTANCE 


A 5000° flame takes ten minutes to penetrate a one-quarter inch piece of CDF’s new Dilecto 
RD-105 laminate. The same thickness of cold-rolied steel is pierced in less than forty seconds 


Molded from graphite fabric impregnated with a 
heat (ablation)-resistant phenolic resin, new CDF 
grades RD-105 and RD-115 are being evaluated in 
solid propellant rocket motors. 


Dilecto laminates are only one family of products 
from industry’s largest selection of non-metallic 


structural materials and electrical insulations. 
Vulcanized fibre, silicone rubber and mica, and ther- 
mosetting moldings are also supplied by CDF. 
CDF can provide both quality and true economy 
in selecting plastic materials best suited to your 
needs. Refer to SWEETS PD file or write to us for 
General Folder 60. 


&. CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -47,,,4/- COMPANY ¢ NEWARK 13, DEL. 
In Canada, 46 Hollinger Road, Toronto 16, Ont. 
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Dimensionally stabie, light weight, oil-resist 
ant Dilecto ball bearing retainer rings. 


grade Dilecto precision switch insulators. 





Easily febricated paper-bese, punching 
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© milliseconds 


recorded with Brush operations 
monitors. Multiple high-speed 
events are reported in writing 
within 4 milliseconds of occur- 
rence—to establish the basis for 
split-second, million dollar de- 
cisions necessary in today’s com- 
plex control systems. Up to 120 
separate ‘‘on-off” event signals 
are monitored and permanently 
recorded on a chart only 12” 
wide. Fixed-stylus electric writ- 
ing provides sharp, reproduc- 
ible traces of uniform clarity. 
Chart speeds from one to 250 
mm/sec permit a precise inter- 
pretation of all events, with 
resolution up to 500 signal 
changes per second. For military 
or industrial analysis and control, 
no direct writing recording sys- 
tem can match the capabilities 
of Brush Operations Monitors. 
Write today for complete speci- 
fications and application data. 


—__brush INSTRUMENTS 


DIVISION OF 


377 ANDO PERKINS | CLEVITE | CLEVELAND 14, OHIO 


Conronation 








in direct 
writing 


systems 


only Brush 


eliminates 
compromise 


Avoid a “second best” choice. Get exactly what you need. Only Brush permits 
selection of ... Writing Method... ink, electric or thermal .. . 

Trace Presentation... curvilinear or rectilinear . . . Configuration . . . vertical or 
horizontal, rack mounted or portable models. Also... chart speeds from 

50’’/sec to 10’’/day . . . functionally designed control panels . . . readily accessible 
components for fast inspection, simple adjustment . . . complete, easy to understand 
operating manuals. Get the industry’s most advanced design concepts. You never need 
compromise when you specify Brush. Complete information at your request. 


——bBrush INSTRUMENTS 


Division OF 


— 
377 ANDO PERKINS | CLEVITE CLEVELAND 14, OHIO 


Cosronastion 








Using Flexprint wiring techniques in place of 
conventional color-coded wires resulfsin\, .% 
~ 


50% reduction in 
wiring costs of 
this electrical assembly 


Originally, 82 color-coded wires were 
involved in the manufacture of air- 
borne junction boxes by John Oster 
Company, Chicago. 

A switch to Sanders Flexprint wiring 
flat, flexible printed circuitry 
replaced the 82 wires with 5 Flexprint 
cables and reduced total installed costs 
of the finished component by 50%. 
Here’s how this money-saving switch 

was accomplished: 


BEFORE FLEXPRINT WIRING, assembly 
of junction boxes for an airborne elec- 
trical system required a costly sequence 
of assembly line operations: each box 
called for the selection of 82 color- 
coded wires .. . cutting them to various 
lengths . . . lacing and cabling... 
identification and positioning . . . then 
soldering into tight corners. Oppor- 
tunities for human error and mounting 
costs were inherent in the job, as in 
most electrical assembly work. With 
conventional wiring one more trouble 
source occasionally cropped up — clos- 
ing the junction box created strains on 
the folded harnesses, and was apt to 
cause broken connections. 


WITH SANDERS FLEXPRINT WIRING, 
five flat, flexible cables and 4 shields 
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replaced the bulky harnesses (shown). 
Complete flexibility lessens — virtually 
eliminates — the likelihood of broken 
connections when the junction box is 
once assembled and closed. 


WHAT CAN FLEXPRINT WIRING DO 
FOR YOU? It costs nothing to find 
out. Just send dimensional drawings, 
sketches or artwork of your current 
wired assembles with the following 
information: 

1. Electrical specifications 

2. Termination requirements 

3. Environmental conditions 

4. Approximate quantity 
We'll send you a proposal specifying 
estimated costs and delivery date. Or, 
if you'd prefer, we'll 
send you a new brochure 
describing Flexprint 
wiring in detail. 


PRODUCTS DIVISION 


SANDERS ASSOCIATES, INC. 
NASHUA, NEW HAMPSHIRE 
Washington, D. C. 
rademork Sanders Associates, inc. ; 
Patents pending in US. and abroad. 
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Five Flexprint cables and 4 copper 
shields cut 50% of material-labor costs. 
Each cable is an accurate printed circuit, 
clearly numbered for easy, progressive 
assembly. Conductors of Flexprint wiring 
are totally encapsulated within the insula- 
tion except at termination. Terminations 
are exposed copper pads, pierced to fit pin 
connectors. The four unitized shields fold 
between the cables and maintain constant 
coupling effects. 


/ .. a 


a De 

gets off to a fast start! One-piece 
Flexprint cables are self-positioning. They 
locate conductors and terminations with 
flawless accuracy. Each pierced termination 
pad automatically fits itself over its own 
connector pin. Wiring errors are almost 
impossible! And soldering becomes a high- 
speed operation because each connection 
is completely visible, not hidden in the 
connector or lost in a tangle of wires. 
Assemblers can see at a glance that each 
connection is tight and right. 





AC contactors 


For magnetic operation on motor 
loads through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41/2 poles. 


Thermal overload relays 


Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


Terminal boards 


Designed for 25-, 50-, 100-; and 
150-amp ° circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


AC relays 


Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


Reset relays 


A remote method for resetting overload 
relays; consist of potted solenoid coil 
end a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Fuse blocks 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 


litary spec requirements 


DC contactors 


Teena: Brcecrne 


Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms available. 


Panel-mounted pushbuttons 


For use on a-c or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 


Resistors 


Starting and regulating duty on motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
amps continuous and five lengths. 





with General Electric Hl-shock 


Multi-current and overcurrent relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 


For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on ponels 
up to 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 


control components 


A complete line of devices designed for 
extreme environmental applications 


© Shock 
© Humidity 
© Fungus 


® Vibration 
® Tilting 
© Temperature 


Whether you're designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent ... one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 


All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 


Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


General Electric’s Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or, mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


SEND TODAY FOR FREE CATALOG 


General Electric Co., Section F785-15 
Schenectady 5, New York 


Please send me a copy of the Navy Control 
Components catalog, GEA-6798, with descrip- 
tions, specifications, and pricing data on the 
complete line. 


Name 

Company 
Address_ 
City__ 
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When you need 


CAPACITORS 


for air-conditioners, refrigerators, motors, 
compressors, heat pumps, specialty transformers, 
voltage regulators, controls, and 

general purpose a-c applications 


you get fast delivery 
from SPRAGUE 


. san - x ee 
. wits Ge ey te -. 4 - 8 a or 


A-C ELECTROLYTIC CAPACITORS 
for motor-starting service 























Sprague—the world’s largest capac- 
itor manufacturer—offers a com- 
plete line of motor capacitors to 
answer any equipment engineer- 
ing problem. The types shown 
below cover a wide variety of 
application requirements. Take 
your pick—they’re all tops in 
value and performance! 


withstand humid atmospheres 

rugged phenolic cases 

single or dual blade terminals to fit female quick-connectors 
all populor ratings and voltages 

Bulletin No. 4000A 


ean’ 


CLORINOL® CAPACITORS 
for motor-run service and general a-c applications 


drawn seamless steel cases for extra strength and compactness 
double-rolled cover closure eliminates “pop-ovts” 

leakproof welded terminal assembly 

all ratings, three case styles 

available with metallic ond lacquer finishes to customer 
specifications 

@ Bulletin No. 4500 





Ege yom, 
# 
vs: 


KOOLPAK® CAPACITOR ASSEMBLIES 


complete motor-start, motor-run assemblies 
for air-conditioners 


cooler operation extends capacitor life 

no trapped moisture to corrode metal parts 

unique plug-in design simplifies assembly 

compact construction saves time and production costs 
available with metallic and lacquer finishes to customer 
specifications 

@ Bulletin No. 4900A 





Write for Engineering Bulletins on the types in which you are interested. 


Application assistance is also available without obligation. Address request Cy 
to Technical Literature Section, Sprague Electric Co., 307 Marshall St., 
North Adams, Massachusetts. 


THE MARK OF RELIABILITY 


CAPACITORS « RESISTORS « MAGNETIC COMPONENTS * TRANSISTORS + INTERFERENCE FILTERS + PULSE NETWORKS 





SPRAGUE COMPONENTS: 


HIGH TEMPERATURE MAGNET WIRE . CERAMIC-BASE PRINTEO NETWORKS ° PACKAGED COMPONENT ASSEMBLIES 
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Research by Ballyhoo 


ACHIEVEMENT IN RESEARCH is the proper suste- 
nance of corporate publicity. In fact, such pub- 
licity is a corporate obligation. There is only 
one requirement: the news and information 
that are being disseminated should be accurate, 
restrained and free of “gimmicking™ and bally- 
hoo, 

At first glance, this seems a reasonable and 
simple enough requirement. But a close look 
at some of the publicity emanating from a num- 
ber of our leading companies discloses a dis- 
concerting disregard of this requirement. Pre- 
mature announcements, unwarranted claims, 
questionable use of technical terminology, and 
distortions of scientific concepts have been in 
evidence far too often. 

If such violations of good public relations 
practice were limited to press releases aimed 
at the lay public, the situation would be deplor- 
able enough. But they have also been apparent 
in papers presented before professional society 
conferences and symposia. In some instances, 
these papers have provoked sharply critical audi- 
ence reactions. A particularly disturbing fact 
is that the papers in question have been pre- 
sented by scientists and engineers of established 
stature. Neither the companies involved nor the 
nation as a whole can afford to have the time 
and talents of such men dissipated. 

As a speaker before a recent IRE regional 
meeting said, it may well be held that “publicity 
is well ahead of technology.” And, no doubt, 
it must be conceded that “publicity is a some- 
what easier field and much less expensive (than 
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research).” But publicity can be (and usually 
is) honest and truthful. There is no reason, 
therefore, that these standards cannot also be 
applied to those areas of research that recently 
have been subjected to ballyhoo. Jockeying for 
competitive advantages or the possible influence 
of Wall Street market gyrations are unworthy 
motives for doing otherwise. 

The question of ethics is of course overriding. 
But there is also another facet to the situation. 
In this period of intense research investigation 
and development, each of us needs, more than 
anything else, a sense of order, the elimination 
of confusion, the placing of scientific and tech- 
nological facts in true focus and right perspec- 
tive. Surely it would be the highest level of 
enlightened public relations if all our important 
companies devoted the full strength of their 
lay and technical publicity efforts to heip us 
attain these objectives. As a corollary, it may 
be emphasized that it is the professional re- 
sponsibility of scientists and engineers to exer- 
cise the full weight of their influence to see that 
their companies do adopt and implement such 
publicity policies. 


In the long run, the meritorious pays off 
more than the meritricious; and the true and 
precise word is remembered far longer than 
the glamorous and the tricky. 


eb. &. S 


Special Features Editor 








Function Generators 


Using the Hall Effect 


With materials now available which can produce appreciable Hall voltages, there 


is growing interest in the various possibilities for specific applications of the effect. 


Since one of the vaiables involved in the Hall effect is angular rotation, it should 


be possible to replace wire-wound rotary instruments such as synchros and phase- 


sensitive devices with solid-state components. 


L. J. BRADY and B. A. MELEHY 

Solid State Products Department 

Kearrotr Division, Generat Precision, INc. 
Little Falls, N. J. 


IF A CHARGED PARTICLE moving in a vacuum is exposed 
to a transverse magnetic field, the particle will experi- 
ence a force which will alter its path. The direction of 


be obtained a few years ago with the best material available. 
A copper Hall device, for example, measuring 4% x % x 


give the maximum Hall voltage, developed only 15 micro- 
volts when 0.1 watt power was supplied to the device. 
Under the same conditions, an indium antimonide Hall 
device of the same size will develop about 150 millivolts. 
A Hall device or generator, when properly oriented in 
a magnetic field, will develop a Hall voltage: 
Vn = KIB cos 6 
Here & is a material constant, / is the current passing 
through the generator, B is the flux density of the mag- 
netic field, and cos @ is the angle between / and B. Be- 
cause of the nature of these variables, involving as they 
do two linear functions (J and B) as well as an angular 
relation, it is apparent that a family of devices utilizing 
these variables could be constructed. 
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the force will be perpendicular to both direction of 
motion of the particle and the magnetic field. This is 
illustrated in Fig. 1. 

This force is given vectorially by the expression 


kh qe xB (1 


where F is the force in newtons, g is the charge on the 
particle in coulombs, v is the velocity of the particle in 
meters/sec, and B is the magnetic-field flux density in 
webers/meter*. It is observed that as the velocity in- 
creases, the force becomes larger. The effect is well 
known and is used in numerous applications such as for 
scanning electron beams in cathode-ray and television 
tubes, mass spectrographs, cyclotrons, betatrons, and 
traveling-wave tubes. 

It would be anticipated that, when a current flows 
through a solid in the presence of a magnetic field, the 
charge carriers would be acted upon by a force similar 
to that shown in Fig. 1, and as a consequence they would 
be deflected. It is further expected that as a result of 
the deflection an electric field would develop which 
should be measurable. That this is so is evidenced by 
the numerous materials exhibiting appreciable Hall 
voltages. (See panel.) 


Fig. 1 
field B. 


Force F acting on a charged particle due to magnetic 
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In order to obtain an appreciable Hall voltage for a 
given magnetic-field intensity, the charged particles in 
the metals must move as rapidly as poss ble. This can 
be done while maintaining the current through the solid 
constant by increasing the current density across the 
Hall device. This may be achieved by reducing the 
since the dimension w trans- 
verse to the control current and magnetic field is di- 
rectly proportional to the Hall voltage. If the applied 
or control current is held constant, then the lower the 
conductivity, the higher the power dissipated in the 


dimension d only, Fig. 2, 


device and the higher the steady-state temperature of 
the element becomes. Semiconductors may have their 
properties altered drastically if the temperature changes 
appreciably. 

It has been mentioned that the mobility of charge 
carriers in a material is important for generating Hall 
voltage. The mobility may be defined as the ratio of 
the velocity of the carriers in a solid to the electric-field 
intensity in the solid responsible for the motion of these 
particles. This provides a way of comparing the velocity 
of the charge carriers in different solids of the same 
dimensions and the same field conditions. 

In brief, if these factors are considered for the Hall 
) 


device shown in Fig. 2, shown that 


Ve ( 1 18B o ) (\ 4) 


then it can be 


(2) 


where 
} the Hall voltage across the crystal 





1 1 // // nsuloted leo 
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Fig. t— A typical Hall device, showing representative dimen- 
sons. 
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Fig. 
flux density, and V,, is Hall voltage. 
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Fig. 3—Source of Misalignment ¥ 
misalignment voltage. J 
od 
i 
| 
Correct lead position : Actual leod position 
I 


2-—-The Hall effect. Control current is I, B is magnetic 


P the maximum allowable power to be dissipated 
in the crystal 

B the magnetic flux density in webers/meter? 

B the mobility in meter*/volt-sec 

q the magnitude of the electron charge = 1.602 
x 10°” coulombs 

n : the density of current carriers per meter*® 

w,l,d == the dimensions shown in Fig. 2 measured in 
meters 


Misalignment Voltage. A big problem in design- 
ing a Hall device is that of eliminating the misalignment 
voltage. This voltage arises, as the term indicates, from 
placing one electrode a little off the theoretical position 
with respect to the other. 

As seen in Fig. 3, the misalignment voltage is 


V. = (V/1)z 


If V is 1 volt, / is 0.25 amp and x is 1 mil, then V,, = 
1 millivolts. 

If the Hall voltage is around 100 millivolts, it can 
be seen that for some applications this misalignment 
voltage can be quite a problem. Micro-manipulation 
using refined techniques should solve the problem of 
placing leads in the correct positions. 

Thin Films. The use of thin films promises to extend 
the use of Hall-effect devices. Referring to Eq (2), we 
observe that if all the variables are held constant except 
d, and d is decreased, the Hall voltage w'll increase in 
proportion to 1/\ d. 

Applications. The Hall voltage appearing across the 
device shown in Fig. 2 may be expressed as: 

Tian it 
where @ is the angle between / and B. Equation (2) 
gests a number of applications for the Hall effect: 


sug- 


1. A function multiplier that yields a voltage propor- 
tional to the product of two currents, one to generate the 
field and the second being made the current through the 
device. The angle @ in this case may be made zero. A 
typical Hall device is shown in Fig. 4. 

2. A simple trigonometric function can be generated by 
keeping B and / constant and varying @. This provides a 
means for measuring angles. Work in this area has been 
carried out and the Hall voltage vs angular rotation is shown 


in Fig. 5. Measurements have been made with standard 
apparatus. It was found that the functional errors were 
too small to measure. High-precision measurements are 


under way to measure functional errors of less than 0.005 
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oO 3B 60 90 120 |50 180 210 240 270 300 3K 360 
Mechanical angular rotation 8 of Hall crystal in magnetic field 


- Output of a Hall generator, proportional to sin 6, using 
1200 gauss and /. = 300 ma a-c. 


Fig. 5 
indium antimonide crystals; B 





E 
= 
~O 50 00 #150 200 250 300 360 
Mechanical angie of rotation &, deg 
Fig. 6 — Output of Hall generator with two crystals physically 


perpendicular to one another. The absolute output is propor- 
tional to sin 28. 





"0 50 oo 50 200 250 300 360 
Mechanical angle of rotation J, deg 
Fig. 7—Output of Hall generator, proportional to sin?é, with 


two crystals parallel to one another. 


64 


per cent. The functional error of a Hall resolver may be 
reduced by increasing the ratio of //w and by increasing 
the impedance of the load connected across the Hall voltage 
terminals. 

3. In addition to these relatively simple functions, Hall 
devices can be used for the generation of relatively com- 
plex trigonometric functions. For example, one may place 
two devices parallel or perpendicular to each other in the 
same field and let the output Hall current of one become 
the control current of the second, either through simple 
circuitry or through an amplifier. This allows generating 
a voltage that is of the form K sin @ cos 6, k’ sin® 6, or k” 
cos* 6. 

It can be seen that many trigonometric functions may 
be generated. The following describes some _possibili 
ties that may be of interest. 

j HW k (cos @ sin 6) (cos @ sin @) 
k (cos* 0 sin? @) k cos 20 

Vy k sin 6 cos 6 K/2 sin 20 

V k (sin® @ + cos? 6) \, 


The absolute value of the output of a device generating 
a function proportional to sin 24 is shown in Fig. 6. The 
output of a device generating an output proportional to 
sin? @ is shown in Fig. 7. 

It is evident that such function generators offer very 
interesting possibilities. For example, it should be pos- 
sible to switch from one combination of outputs yield- 
ing sin 6 or cos @ to the functions of double the angles, 
thus working under conditions to allow one to obtain 
maximum sensitivity or accuracy under all conditions. 
Moreover, it should be possible to switch from the cosine 
or sine outputs to one where JV, k (sin® 6 +- cos* 6) 

k and use output variance as an error indicator. With 
proper circuitry it is conceivable that a trigonometric 
function would be generated, circuits changed, and errors 
indicated to a servo loop which in turn would correct 
the errors until they were eliminated 

Hall devices can be mounted not only at right angles 
and in parallel to each other but 60 deg to each other, 
or as required, to yield almost any conceivable trigono 
metric output. It is also evident that by shaping the mag 
netic field properly, a wide variation of outputs is pos- 
sible. Thus it should be possible to obtain such fune- 
tions as: 


V, == ke 
} 7) kil e* ) 
} k (et) 


The Kearfott division is actively engaged in this field 
with the object of producing a wide variety of solid- 
state products useful to the military and commercial 
fields. In this work they are sponsored by both Frank 
ford Arsenal and the Bureau of Weapons of the De 
partment of the Navy. Results indicate that it is reason- 
able to expect smaller, more accurate synchros, resolvers 
and related products to reach the prototype production 
stage of development in the near future. 
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ightening and Testing 
Torque Values for 
Small Machine Screws 


Saale. Et 


Changes in assembly procedures, substi- 
tution of materials and various other con- 
ditions often make it necessary for the 
design engineer to make revisions in the 
safe tightening and testing torque values 
for machine screws. The data presented 
here supply these values in concise, easy- 
to-use form for selected sizes of rolled- 
thread screws in numbered sizes in several 
lengths of tapped holes in various metals 


and laminated phenolic. 


E. F. PEROUT 

Hawthorne Works 

Western Exvecraic Company 
Chicago, Illinois 


ALTHOUGH AN ENORMOUS quantity of machine screws 
in the numbered sizes is used in industry as fasteners, 
very little has been published concerning fastening 
strengths and suitable driving torques for numbered-size 
screws in various metals and non-metals. The need for 
such information is increased by the use of more com- 
pact and complicated equipment, changes in assembly 
procedures to lower costs, and material substitution dur- 
ing critical periods. The need for substitution of ma- 
terial accentuates the lack of machine-screw strength in- 
formation in making fastenings in such materials, as 
well as in the more commonly used materials. 
Fastening-strength data are available on numbered- 
size, rolled-thread machine screws in several lengths of 
tapped holes in various metals and non-metals subjected 
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to torsion, tension, impact and shear. The values in this 
data are the forces required to overcome the friction 
between the head and the seating surface and that be- 
tween the thread surfaces plus the force required to 
destroy the fastening (strip or break). Fastening-strength 
data of this nature, while entirely satisfactory for use 
in the design stage of a product, prove difficult to use 
in actual equipment. 

There being no specific allowances to be made for the 
many variables involved, nor specific percentages of the 
ultimate strength value to be used for any given condi- 
tion, the driving torques established from this data vary, 
resulting in the specification of numerous driving torques 
for a specific screw in like engagements and materials. 
Non-uniformity in driving torques results in the need 
for torque gages with a number of pre-set values and 
in some cases may require the use of more than one 
size of power driver, whereas one gage and one driver 
with one setting should suffice. This multiple condition 
and the constant requests for suitable driving torques 
from the operating departments and suitable testing 
torques from the inspection groups have made necessary 
the development and promulgation of a standard con- 
taining driving and testing torque values for selected 
sizes of rolled-thread machine screws in several lengths 
of tapped holes in various metals and non-metals in a 
form suitable for use by the average layman in either 
of the groups. 

The only reason for being concerned with torque in 
fasteners is that the application of torque is a means of 
developing tension in a screw. Suitable tensioning of 
the screw assures against failure in service. Therefore, 
in arriving at a suitable driving torque for a screw used 
as a clamping medium, consideration must be given 
to the friction developed between the head of the screw 
and the surface on which it bears as well as between 
the threads of the engaging material. The friction under 
the head of the screw depends upon the additive finish 
on the surfaces involved and the smoothness of those 
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surfaces. The triction between the threads of the screw 
and the threads of the engaging material also depends 
upon the additive finish on the threads and the smooth- 
ness of the thread surfaces. 

Consideration must also be given to variations in the 
materials of the fastener and engaging member as well 
as to the dimensional manufacturing tolerances of the 
engag ng member and the fastener itself. Also, in 
establishing testing torque values, consideration must 
be given to relaxation—the change in torque when a 
time interval has elapsed after tightening. This problem 
arises from the creep or flow in the material or materials 
being clamped. 

Numerous tests were conducted by the author on 
selected sizes of rolled-thread machine screws to ascer- 
tain the ultimate torsional strength of each size involved. 
These tests were made with a torque testing fixture 
wherein the screw is held in a split collet having threads 
of the same diameter and pitch. The screw is prohibited 
from threading through by a bottoming pin in the split 
collet. The collet is securely clamped in the fixture and 
the torque is applied by an accurate torque wrench 
through a ball-bearing spindle which carries the driving 
bit and is located directly above the screw. For conveni- 
ence, provisions are made in the fixture to raise and 
lower the spindle. The values obtained in these tests are 
the ultimate torsional strengths or the torsional force 
required to break the screw. 

A survey was made of the driving torques being used 
in the shops and recommendations made for specific 
cases over a number of years were reviewed. With the 
data obtained in the tests and that of the survey of the 
shops, it was possible to ascertain the effect the many 
variables had upon the force applied (torque) in the 
tightening operation and to arrive at suitable driving 


torques for the selected screw sizes in a number of 


thread engagements in various metals and non-metals, 

Proper torque, as measured by the torque indicator, 
is a relative factor, an indirect way of arriving at the 
desired screw tension. A statement of this sort can be 
misleading if “desired screw tension” is looked upon 
as a specific value rather than a value range. With the 
many variables in the picture, any given torque will not 
result in like tensioning of the screw in all cases of a 
particular application. In cases where more of the applied 
force was utilized in overcoming the friction, the ten- 
sioning will be less. However, this friction which opposed 
the tensioning of the screw will aid in preventing 
the screw from loosening, and the end results, based on 
numerous tests, will be satisfactory for all practical 
purposes. 

The values in the accompanying tables, while far from 
complete as to material coverage, have proved satisfac- 
tory for general use in our field for well over ten years. 
It is not the intent of this article to sell these values as 
“the values” to other industries, nor is it an attempt to 
have them standardized as such. The purpose is solely 
to convey to others what can be done in this direction. 

Use of Tables. In using the tables, Table I should 
Tables I] through 
V, the maximum driving torque is given. The cor- 


be considered as a master table. In 


responding values of minimum, inspection and _ final- 
check torques for each maximum value may be de- 
termined by consulting the master table. The master 
table may also be used to determine safe driving and 
testing torques for any type of screw in any material 
by using the following procedure: (1) simulate condi- 
tions or use actual assemblies for which driving and 
testing torques are desired (minimum of five samples) ; 
(2) apply torque with a calibrated screwdriver until 
threads strip or screw breaks; (3) obtain the average 
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Table 1—Master Table for Determining Safe Torque Values from Test Values 


— 


Safe torque, Ib-in. Approx 
Average torque = driver 
(strip or break), Final setting, 


Ib-in. Max Min. Insp check Ib-in 
0.18— 0.22,incl 0.125 0.094 0.094 0.078 0.109 
0.23— 0.34, incl 0.156 0.109 0.109 0.094 0.141 
0.35— 90.52, incl 0.25 0.188 0.188 0.172 0 234 
0.53— 0.72, incl 0.375 0.266 0.266 0.234 0.344 
0.73— 1.0, incl. 0.5 0.344 0.344 0.313 0.453 
11 - 1.4, inecl.| 0.75 0.531 0.531 0.469 0.683 
1.5 1.8, incl. 0 0.75 0 75 0 688 0.906 
19 2.2, incl. 1. 25 0875 0875 0.813 1.125 
23 2.6, incl; 1.5 1.063 1.063 1.0 1.375 
27- 2.9, incl 1.75 1.25 1 25 1.125 1.563 
3.0 — 3.6, incl 2.0 3.5 o> 53.25 1.75 
3.7 4.6, incl 2.5 1.75 1.75 ee 2.25 
47 5.6, incl 3.0 2.0 2.0 1.7 ae 
5.7 6.5, incl 3.5 2.5 ae 2.0 3.0 
66 —-— 7.4, incl. 4.0 3.0 3.0 2.5 3.5 
7.5 — 8.4, incl. 5.0 3.3 3.5 3.0 4.5 
85 — 9.4, incl. 5.5 40 4.0 3.5 5.0 
95 — 10.3, incl. 6.0 40 40 3.5 5.5 

10.4 — 11.3, incl. 6.5 45 4.5 40 6.0 
11.4 — 11.7, incl. 7.0 5.0 5.0 4.5 6.0 
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Safe torque, Ib-in Approx 

Average torque driver 

(strip or break), Final = setting, 
Ib-in Max Min Insp check Ib-in 
11 8 12.6, incl 7.5 5.0 5.0 45 6.5 
12.7 13.4, incl 8 0 5.5 5.5 4.5 7.0 
13.5 14.4, incl 8 5 6.0 6.0 5.5 7 = 
145 15.0, incl 90 6.0 6.0 5 5 8 0 
15.1 15.9, incl 95 6.5 6.5 6.0 8 5 
16 0 16.7, incl. 10.0 7.0 7.0 6.5 9 0 
16.8 — 17.5, incl. 10.5 7.5 7.5 6.5 9 5 
17.6 19.5, incl. 11.0 7.5 7.5 65 10.0 
19 6 23.2, incl., 12.0 8.0 8 0 7.0 11.0 
23.3 24.4, incl. 13.0 9.0 9.0 8.0 115 
24.5 25.2, inel./ 13.5 9.5 9.5 85 12.0 
25.3 27.0, incl. 14.0 10.0 10.0 9.0 12.5 
27.1 31.5 incl. 15.0 10 5 10 5 9.5 13.5 


31.6 — 35.3, inel.| 16.0 11.0 11.0 10.0 14.5 
35.4 39 0, incl. 18.0 12.5 12.5 11.0 16.0 
39.1 51.0, incl. 20.0 14.0 14.0 12.5 18 0 


— 80.0, incl. 25.0 17.5 17.5 16.0 23 .$ 


1 
80.1 —100.0, incl. 30.0 21.0 21.0 19 0 27.0 
100.1 and over 35.0 24.5 24.5 22.0 31.5 
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Table 11— Maximum Safe Torques for Steel Screws in Various Metals 








Regular steel screws, Regular steel screws, | 
finished or unfinished Maximum driving torque (Ib-in.) in finished or unfinished Maximum driving torque (Ib-in.) in 
Size* 3 ¢ | Thread Size* 3 ¢ | Thread} 
and © ~ | engage-| Steel | Brass) Mg Al Zinc Copper and & ‘~ | engage-| Steel | Brass) Mg Al Zine | Copper 
No. é & | ment (1) (2) (3) No. é & | mentt | (1) } (2) } (3) 
0.060 | 80 | a 2.5| 1.0) 0.75} 0.50| 0.75} 0.375 0.164) 32 | a 9.0 | 8.5 | | | 8.0 | 
(0) | b 3.0| 3.0] 3.0] 3.0] 3.0] 3.0 (3) | b | 15.0 | 20.0 | | 14.0 - 
c | 20.0 | | 16.0 
0.073 | 64 a 3.0| 1.5} 1.5] 1.75] 1.25] 2.0 a | | | 18.0 
(1) b 3.5/ 35| 35] 35] 25] 3.5 e | | 20.0 | 
c 3.5 “J | 9.0) 5.5 | 14.0 
h | 16.0 | 15.0 | 20.0 
72 a 3.0 2.0 1.0 2.0 1.25 1.25 i | 20.0 | 20.0 | 
b 50) 50] 20] 30] 30/] 50: —— —— —|— 
c 5.0 5.0 5.0 36 a } 15.0 | 14.0 : Gs 
| b | 20.0 | 16.0 12.0 
0.086 | 56 a | 35] 3.0] 1.75} 1.5] 1.0] 1.75 ae: | | 20.0 | 16.0 
(2) b 40! 40) 40] 40) 15) 40 ; aes | 20.0 | 
c | 4.0 i 5.5 | 5.5 | 16.0 
~~ ee 18.0 | 10.0 | 20.0 
64 a 4.0| 3.0| 1.25} 1.5] 05] 1.75 or | | 20.0 | 14.0 | 
b 5$| $5} 35) 3S) 25] 5S 4 | 20.0 } 
r 5.5 3.5 3.0 —_ — — - — 
d 5.5 5.5 0.190 24 a | 13.5 | 11.0 5.5 
(10) b | 20.0 | 20.0 13.5 
0.112 40 a 5.5 4.0 2.0 2.5 c 15.0 
4) b 7.5 7.5 6.0 | 7.5 d 20.0 | 
c 6.0 7.5 g | . 12.0 | 12.0 15.0 
d 6.0 j h 20.0 | 20.0 20.0 
c 7.5 - Peer — ——|—_—_—_|—_—_— , 
g 3.5 2.5 32 a | 18.0 | 15.0 6.5 
h 7.5 b 25.0 | 25.0 16.0 | 
c 18.0 | 
48 a 3.0 | 3.5 2.0| 2.5 aig | 25.0 | 
b 8.0 7.5 3.0 5.5 g | 5.5 S$ i | 20.0 
‘ 8.0 7.5 | 8.0 h | | 25.0 | 13.0 | | 25.0 
d 8.0 bd 18.0 
g 2.0 4.0 7 25.0 
h 8.0 8.0 
0.216 24 a 12.0 | 14.0 10.0 
0.125 | 40 a 8.0 8.0 1.75) 2.5 (12) b 20.0 30.0 16.0 
5) b 10.5 11.0 5.5 8.0 c 25.0 20.0 
‘ 11.0 10.0 11.0 d 30.0 25.0 
d 11.0 e 25.0 
7.5 3.5 f 30.0 
h 11.0 7.5 XR 18.0 | 12.0 | 20.0 
i 10.5 h 30.0 | 25.0 | 30.6 
j 11.0 i 25.0 
oes 30.0 
44 a 5.0 7.5 2.0 3.0 . " 
b 12.0 | 15.0 7.0 6.5 28 a 12.0 | 12.0 6.0 
c 15.0 11.0 | 13.0 b 25.0 | 25.0 12.0 
d 15.0 | 15.0 c 30.0 | 30.0 30.0 
& 7.5 4.0 oe 25.0 | 
h 15.0 | 11.0 e 25.0 | 
i 14.0 ae 30.0 
j 15.0 ooo) 16.0 | 9.0 20.0 
h 30.0 | 18.0 30.0 
0.138 | 32 a 8.0 8.0 4.0 5.0 1 20.0 
(6) b 12.0 12.0 6.5 | 12.0 j 25.0 
c 12.0 es 2: St a 
6.5 3.0 *Outside diam. of thread, in 
h 12.0 9.5 tThread engagements 
i 12.6 a = 4 to %& in. ag = % to %¢ in. 
b = % to %& and over h = % to % and over 
40 a 6.0 6.5 3.5 5.0 c = 44 to % and over i = 44 to % and over 
b 10.5 7.0 5.5 | 12.0 d % to % and over j = 4% to % and over 
e % to "4 and over k = %& and over 
c 12.0 | 12.0) 12.0 ¢ = “akaeieen - 
& 7.0 5.5 (1) Magnesium alloy, heat treated. 
h 12.0 | 10.0 (2) Zine-base die-casting alloy (Zamak 
1 | 12.0 (3) Half-bard copper 


ieee eased iinnoneliemteiemmemnemencenetemneenmnmemneiemmemmmmnenmemmnmmrammnmammmeetimantite enna arian a 
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Table tli— Maximum Safe Torques for Steel of the readings and locate this value in the first column 
Screws in Laminated Phenolic of the master table. Safe driving and testing torques will 


then be found in the same line. 

















one steel screws, finished or anfinithed oe Table II gives maximum driving torques for steel 
| Paiewede Thread | tapped hole, screws in a variety of metals. Table III is for steel screws 
Size and No. | per in. engagement? | Ib-in. in laminated phenolic. Steel screws in steel nuts are 
- - — — _ covered in Table IV. Table V is another master table 
- 80 . “ which gives the average maximum torsional breaking 
ae ee a ar strength of steel screws. o00 
0.073 64 a 0.75 
(1) b 3.5 
| cle | 
72 a 0.25 VANT A REPRI! LE? just put a 
b 1.25 2 und Ne. 908 Inquiry Service 
c 2.0 1 at end of book to get , 
d 5.0 l 
0.086 56 a 1.0 
(2) b 4.0 
Table 1V—Maximum Safe Torques for Steel 
64 a ; : Screws in Steel Nuts 
c 5.5 
nee ———— —— . —— Regular steel screws, finished or unfinished 
0.112 40 a 2.5 — - - Max. driving 
(4) b 7.9 Threads Thickness, torque, 
' Size per in in Ib-in 
48 a 2.2 
b 8.0 0.112 40 ts 7.8 
48 8.0 
0.125 40 a 2.0 
(5) b 7.5 0.138 32 <a 12.0 
c 11.0 40 12.0 
44 a 5 0.164 32 ly 20.0 
b 7.5 36 20.0 
c 11.0 
d 15.0 0.190 | 24 Ly 20.0 
” i = 32 25.0 
0.138 32 a 4.0 
(6) b 12.0 
40 a 3.0 
b 8.0 
c 10.5 Table V—Average Maximum Torsional Breaking 
d 12.0 Strength of Steel Screws 
0.164 32 a 6.5 | 
(8) b 16.0 | | Maximum torque 
c | 20.0 Size | Threads per in. at failure (Ib-in.) 
36 a 4.0 0.060 80 4.8 
b 14.0 
c 18.0 0.073 64 5.8 
d 20.0 72 7.5 
0.190 24 a i 9.0 0.086 56 6.8 
(10) b 20.0 64 9.3 
32 a 3.5 0.112 40 12.6 
b 15.0 48 13.4 
c 20.0 
d 25.0 0.125 40 19.0 
} 44 27.6 
0.216 24 a 0 } 
(12) b 15.0 0.138 32 23.1 
c i 25.0 40 22.4 
d | 35.0 | 
om : atlas 0. 164 32 42.3 
28 a 3.5 36 50.4 
b 12.0 
c 16.0 0.190 | 24 49.1 
d 25.0 32 78.6 
e | 30.0 A 
sqeven ene 0.216 24 81.0 
rea rents = re 
a=%to%~n i <koteastorn 28 100.0 
b = % to *¢ and over es a over 
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Magnetic Amplifier 


Output Circuits 


Evaluation of magnetic amplifier circuits 
can be vastly simplified by considering 
output circuits independent of control 
arrangements and classifying them as 
of half- 


wave, self-saturating circuits, to each of 


building-block combinations 


which can be assigned a figure of merit. 


DAVID L. McMURTRIE 
Displays Section Manager 
Ordnance Radar Dept. 
RayTHEeon COMPANY 
Wayland, Mass. 


[THE MAGNETIC AMPLIFIER LITERATURE presents a varied 
and rather confusing array of magnetic amplifier cir- 
cuits. Much of the confusion can be avoided through 
the adoption of an orderly classification of self-saturating 
magnetic amplifier output circuits. Important constraints 
exist which make it possible to evaluate output circuits 
independently of control arrangements. Once a degree 
of order has been established for output circuits, the 
study of control circuits is greatly simplified. (It is 
possible, for example, to analyze and arrange control 
circuits applicable not just to single output circuits but 
to classes of equivalent output circuits. However, these 
control arrangements are beyond the scope of this article) . 

The familiar half-wave (HW) circuit, the simplest 
form of self-saturating circuit, is used as a basic building 
block with which to construct the more complex reversible 
half-wave (RHW), full-wave (FW), and reversible full- 
wave (RFW) output circuits. (We add AC or DC to 
the above designations to indicate alternating or direct 
output.) The technique is a straightforward one for 
deriving even the most complex circuits, and allows a 
means of rapid search for equivalent or improved cir- 
cuits. It is an unpleasant fact that serious interactions 
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often occur when HW circuits are combined to form 
more complex structures. The present article measures 
and classifies these interactions. 


Interactions in HW Circuit Combinations 


The familiar HW circuit is shown in Fig. 1, as is the 
block diagram notation to be used. The arrow beneath 
the block indicates the direction of current flow through 
the rectifier, and the number /] or 2 is used to indicate 
the half cycle during which the voltage source has the 
proper polarity to produce positive current through the 
rectifier. In bridge circuits, the same core may be shared 
by two blocks, each with half the number of windings 
and half the value of supply voltage. A prime (') is 
used on the identifying number of such pairs of HW 
blocks (as in Fig. 2d). 

Reset Voltage Constraint. In the basic HW circuit, 
the magnitude of the “reset” voltage (induced by e,) 
cannot exceed the supply voltage without causing recti- 
fier unblocking, relatively large control-circuit current, 
and a drastic drop in gain. This constraint is |v,| < |e,|, 
where we define the reset voltage as v, == v, during the 


Control ie) 


Fig. 1—Typical half-wave (HW) magnetic amplifier: (a) com- 
plete circuit, including both control input and output; (b) out- 
put circuit with control circuit eliminated and equivalent block 
diagram. Numerals | or 2 indicate half cycle during which e, is 
proper polarity for positive current through rectifier. 
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Key: “Rev under a biock 
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Fig. 2 





Type Z(2" for A, >C 





Basic two-core circuit block diagrams for reversible-half-wave (RHW) and full-wave (FW) output circuits. 





reset half cycle (the half cycle during which the rectifier 
tends to block current from the supply). (Correspond- 
ingly, we define the “prefire” voltage as v, = v, during 
the opposite half cycle before saturation occurs—if at 
all.) It is, of course, basic that v, is an alternating 
voltage with no direct component and that |v,| == |v, 
in the steady state (the bar over the symbols indicating 
average values over half-cycle periods). 

If two HW circuits are placed back-to-back, as shown 
in Fig. 5a. (note: control voltages applied to control 
circuitry are not shown), either core, upon entering 
saturation, short circuits the load winding on the oppo- 
site core. It is not difficult to see that the average 
reset voltages on the two gate windings must be equal 
(i.e., |D-:| == |Dp2] = |v,2] = |v,,|). This condition of 
constrained balance makes it impossible to shut off one 
half of the circuit while the other is delivering output. 
The circuit may be operated perfectly well for FWAC 
output but not for RHW output. 

Prefire Voltage Constraint. In the basic HW cir- 
cuit, and in the circuit of Fig. 5a, the prefire voltage of 
either HW circuit is |v,| = |e,|. Consider now the cir- 
cuit of Fig. 6a used for RHW output. (The different 
types of RHW output will be discussed shortly.) This is 
a circuit in which the two HW circuits reset on the same 
half cycle and fire on the same half cycle. Here the two 
halves of the circuit do not interfere with one another’s 
prefire voltage. For R, = 0, the prefire voltage on either 
core is |v,| = |e,| + |v,). 


_Mlda____Lda2>___ LM 


if this is full output of one phose or polority , the reversed 
output con be either 


SS — =—S le 


(1) RHWAC 


(2) RHWOC C7 CZ 


{(3)RHWACDC 


Fig. 3 — Waveforms for RHW outputs. 
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Figure of Merit, F. It is possible to devise a figure 
of merit which takes into account both the reset 
and prefire constraints discussed above. First, let us 
emphasize that the single most important effect of these 
circuit interactions is the impairment of RHWDC and 
RFWDC operation. Specifically, the difficulty is that one 
half of the circuit cannot obtain sufficient reset to be 
“turned off” while the other half of the circuit is “turned 
on” or saturating. Our figure of merit F is the ratio 
of the maximum allowable reset voltage to the prefire 
voltage for one reactor (set of reactors in the RFW 
circuits) when its mating reactor (set of reactors) is 
attempting to deliver maximum output. These reset and 
prefire voltages are readily determined since one (or 
one set of) reactor winding(s) may be treated as a 
short circuit—during both the firing and the reset half 
cycles. 

e@ If F is unity or greater, the reactors can be reset 
(by appropriate control) and turned off completely. The 
reactors will not saturate during the firing half cycles. 

@ If F is less than unity, it should be evident that 
no amount of control action can reset the reactor enough 
to prevent its saturation before the end of the firing 
half cycle. Voltages v, and v, ws. are sinusoidal and 
'v,! and |v,| must be equal in the steady state. This 
equality can be achieved only if the reactor saturates 
before the end of the firing half cycle. 

e@ If F is zero, the reactor must saturate at the very 
beginning of the firing half cycle, and the reactor can- 





Type I (1 for A,>0) 
(a) (bo) 


* Moy be removed if 


remaining windings ore doubled 
Fig. 4— Typical FWDC and RHWAC circuits. Figures of merit 
(F) refer to RHWAC operation. 
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Table | — Figures of Merit for 
Reversible-Half-Wave Circuits 


Type of output 


RHWACDC 


Circuit RHWAC RHWDC 


Lu,m | 2 0 0.5 
2Ru + Ri en Ri +R 
Rit + R; Rr +R | 2Ri + Ri 


1.5 0.5 2/3 
| when R; Ri when Ri « Ry | when R; Ri 


y, oS, Hr’ 


2R1 2R RL +R 
RL +R RL +R 2R1 


1 1 1 
when R Ri when R Rr when R; Rt 


not be turned off in the slightest degree when its mate 
is delivering full output. 


Two-Core RHW and FW Circuits 


Figure 2 shows the various ways in which two HW 
circuits may be combined to deliver RHW or FW output 
to a common load. Figures 4, 5, and 6 show the same 
circuits in detail, redundant voltage sources eliminated. 

If both of the HW circuits are made to deliver equal 
amounts of output on alternate half cycles, the result is 
FWAC or FWDC output. If one of the HW circuits is 
kept shut off while the other continuously delivers out- 
put and vice-versa, the result is RHW output. 

There are three types of RHW output, as shown in 
Fig. 3. Strong a-c and d-c components are simultaneously 
present in all cases, but both components do not reverse 
together, except in the RHWACDC case. In RHWAC, 
only the (fundamental) a-c component reverses, while in 
RHWDC only the d-c component reverses. An important 
point to notice is that in the RHWACDC case, the two 
HW circuits reset (or tend to reset) on the same half 
cycle and fire (or tend to fire) on the same half cycle. 
For the other RHW and FW circuits, the HW circuits 
reset on alternate half cycles. The autotransformer of 
the Type II circuit is inoperable for RHWAC and FWDC 
because the d-c component in the output saturates the 
autotransformer. RHWDC and RHWACDC operation 
are possible for control frequencies much lower than the 
supply frequency, although operation at zero frequency 


Type I (I' for #,>0) Type I ("for A>0) Type M(M"for A, >0) 


(a) (b) (¢) 
Fig. 5 — Typical FWAC and RHWDC circuits, Figures of merit 
apply to RHWDC. 
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(pure d-c) is precluded. The number of cores used in 
the Type III bridge circuit is still only two, each core 
carrying a pair of windings. 

As discussed previously, difficulty arises in the case 
of RHWDC (and RHWACDC) operation, and this 
difficulty is evident from the figures of merit less than 
unity shown for circuit Types I, I] and III in Table I. 
“Isolating” resistors are sometimes added in series with 
each reactor winding, but this modification has only a 
minor beneficial effect unless one is prepared to throw 
away a relatively large amount of output power in these 
resistors. This is the Type I’ circuit, with the equivalent 
Types II’ and III’ not shown. A more strategic isolating 
resistor is shown in the Types II” and III” circuits. Here 
the effect is quite different. With R, = R,, all interaction 
of the two halves of the output circuit is cancelled, and 
the figure of merit becomes unity. The price paid is a 
reduction in efficiency (power output to total power 
consumed) to 50 per cent as a theoretical maximum. 

In Figs. 4-6, the most suitable circuits for the various 
modes of operation are indicated by check marks (V). 
The figure of merit applies only to the RHW circuits, of 
course. No difficulties arise (and no isolating resistors 
are called for) in FWAC or FWDC operation of any 
of the circuits. 


Four-Core RFW Circuits 


Figure 7 shows various ways in which four HW blocks 
may be combined to deliver RFWAC or RFWDC power to 
a common load. Figures 8 and 9 show some of the same 
circuits in detail, with redundant voltage sources elim- 
inated. While d-c cannot be passed through the auto- 
transformer of the Type II circuits, RFWDC operation 
is possible, however, for control frequencies much lower 
than the supply frequency but greater than zero. The 
Type III bridge circuit uses only four cores, with each 
core carrying a pair of windings. 

When we examine the basic Type I, II and III circuits 
in detail and develop the figures of merit set forth in the 
first row of Table II, it is evident that (a) RFWAC 
operation offers no difficulty, (b) RFWDC operation is 
impossible. When one set of cores (say 1 and 2) is 
trying to deliver full output, the other set (3 and 4) 
cannot be turned off in the slightest degree in the RFWDC 


case. The addition of a resistor in series with each 


Type I (I' for A,>0) Type I(L"for A,>0) Type H(I"for A,>0) 
(o) (b) (c) 


Fig. 6—- Typical RHWACDC eircuits. 








individual reactor to form the four-isolation-resistor 
(Types I’, II’, and III’) circuits offers only partial 
relief. Several two-isolation-resistor circuits are offered 
in the technical literature for RFWDC operation. The 
most successful of these circuits are the Types II”, and 
III”, for which the figure of merit is 24 for R, = R,. 
A figure of merit of 24 indicates that either pair of the 
reactors can be made to saturate at 30 degrees from the 
ends of each firing half cycle—and no further. The most 
successful use of isolating resistors is that of Types II”, 
and III”’,, in which one isolating resistor is shared by 








all four reactors. The figure of merit for these circuits 
is unity for R, = R,, which indicates complete success 
in RFWDC operation with a_ theoretical maximum 
efficiency of 50 per cent. 

Two other RFWDC circuits deserve mention. The first 
is the bridge-of-bridges circuit of Figs. 7f and 9d. This 
circuit is derived from the Type III” bridge circuit 
by splitting pairs of HW blocks and linking equipoten- 
tial points as shown in Fig. 7f{ (the same process by 
which the Type I circuit can be developed into the Type 
III bridge). Note that four HW blocks share a single 


Key: Rev under o biock reverses orrow - 
Blocks | and 2 deliver output of Type I a 
Type I Type I da ee 

nial ale Seas ) ¢ 
one phase (polarity) ; 3 ond 4 Type 1, resistors A, ct o Type Do isite . resist Rot od 
deliver the opposite phose Type I. imier, resistors A, at o ; g 

@, (d),fe] * 7 ype I, y esistors A, at 2 

Type r* e ’ i=) ‘ 





ype Ia (o),tc) 


Fig. 7 
and a a. d, I. 





4h, 
type 4 Type Ig 
(a) (b) 


Fig. 8 — Typical KFWAC eircuits. 
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Type ING 91,7) (connection 0,0 
Of G cross Connection can be mode) ‘ 


- Basic four-core reversible full-wave diagrams. (Types III’ and III”. , 





te) 


not shown can be easily devised similar to I’ 
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FeO, #20 =O, F:0, #,=0 
Fei, Aya ao si, F#2/3, R,=R, 


es es ' ' R, 


Type mM; (connection @,@ or a Cross 
, > ; Bridge - of - bridges 
Type I, connection can be mode) esi . 9 
(o) (bd) (c) (da) 
Fig. 9 — Typical RFWDC circuits. 
Table ti— Figures of Merit for 


- re : Reversible-Full-Wave Circuits 
core. Others of the RFW circuits can be spun out in- 


definitely in similar fashion, but the circuits are equiva- 

lent and nothing is gained by the added complexity. The Circuit 
bridge-of-bridges circuit is presented because of its Sa 
frequent appearance in the literature. Another circuit ain ae iin 
frequently seen in the literature is the Type II circuit 

with the two halves of the autotransformer replaced by 1’, I0’e.u.0, TIT’ 
resistors. The figure of merit of such a circuit is greater 


ra ‘ when R; = Ri 
than unity, but the maximum theoretical efficiency is ; ais sail aria cteeesiaaaciarnees 


under 20 per cent. 1”, 11", 11”, me as I’, II’sue III’ 


3RL +R . R: ss 
Circuit Selection a(R + Rv 2(Rt + Ri) 


; a ‘ ” ” ” | 1/4 
Aside from the figures of merit, it is evident that a 1", TI"y, HI", Oe ofl mm | aa ue din 


variety of considerations enters into the choice of a cir- simian igtaagaaitiniemmee a cement 
cuit. One may wish to avoid transformers, or to mini- 4ee + RO ‘ 
mize the number of rectifiers, and so on. It is well to mow. mm, | 4/3 
emphasize one important point in this connection. All eet oe when Ri = Ri 
the RHW and FW circuits are basically two-core cir- “1, 1. Same as I’, 11’... II!’ 
cuits, and all the RFW circuits are four-core circuits. So 
In either case, not only are the number of cores the a) 
same in these families of circuits, but the total volt- 1’. mr” 18 
ampere ratings of the voltage sources and the rectifiers ne . tan ti in tie 
(back voltage times forward current) are the same, dis- CinAinar sat iRieeeaieiaa aa 
counting power dissipated in isolating resistors. m+ 

It is possible to go further and state that several of II’, UN's 2/3 
the circuits with the same figure of merit are completely ‘ when Ri = Ry 
equivalent insofar as can be determined by looking into PORTER tar ERROR Ba 7 
the circuits from control or load terminals. To be com- 
pletely equivalent, however, circuits must not only have m”,, M0", 
the same figure of merit, but must have identical reset 
and prefire constraints throughout. These constraints are RL 
identical in the basic circuit Types I, II and III, in both Ri+R 
the RHW and RFW circuits, and in variations of these 1I’’,, III’, 0.5 
basic types possessing the same primes and subscripts— whea Ri = Ri 
e.g., in circuits I”,, II”, and III’,. A fuller development RL+Ri 
of these constraints and equivalence is given in the refer- Ru 


ence cited below. Oooo a i. 2 
when RR; = Ri 


Cited Reference 


“Magnetic Amplifier Circuits—A Classification of Half-Wave and Ps, 
Full-Wave Non-Reversible and Reversible Self-Saturating Cir- eee A va. ce ae ee aos 
cuits,” David L. McMurtrie, AIEE Transactions Paper No. 59. eee te ea ee alors 
790, April 16, 1959. Card at end o to get your copy. 


AUGUST 1960 











— — — Flat-Conductor_ 


Originally known as “printed”’ cable and made by the same printing 


and etching techniques as rigid printed circuits, this type of cable is 


now generally made by embedment of flat conductors within two 


layers of plastics flexible insulation. Reduction in weight, space 


economy and a high order of reliability are the primary reasons for 


application. Initially intended for missiles, the potential use of these 


cables is now limited only by design parameters. The report reviews 


cable design characteristics and presents performance data in com- 


parison with conventional cable. (First part of a two-part article.) 


WILHELM ANGELE 
MarsHatt Space Fucut Center 
Redstone Arsenal, Alabama 


THE TERM “printed cable” for the flat or ribbon type 
of cable is derived from the fact that originally a 
standard printed-circuit technique was utilized in manu- 
facturing. Parallel lines were printed and etched on cop- 
per foil supported by thin flexible plastics strips. Today, 
the larger part of the production is made by an entirely 
different technique: a given number of parallel flat 
conductors is sandwiched or embedded between plastics 
tape or ribbon. The ribbon form, in fact, is the dis- 
tinguishing characteristic of this type of cable. Ad- 
vantages over conventional round-wire cables or har- 
nesses are found in load capacity, heat dissipation, cross- 
talk, electrical shielding, ease of installation and flexi- 
bility. 

To be useful for a large variety of applications, the flat 
cable has to satisfy several key requirements. In addi- 
tion to suitable electrical qualities, the cable has to be 
strong and tough so as to withstand handling during 
assembly. It should exhibit good life characteristics in 
severe environmental conditions. 

Replacement for many round-wire cables can be 
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made advantageously in communication, control or in- 
strument systems. Electrostatic shielding is accomplished 
by mounting the cable on a grounded metal support; 
additional shielding can be provided by aluminum foil 
on top. The usefulness of flat cable as coaxial cable has 
not been fully investigated, primarily owing to the un- 
availability of proper plug-in connectors or couplings. 

Applications often depend on economical rather than 
technical considerations. A 4/0 wire, for instance, should 
not be replaced by a flat cable, but an AWG #10 wire 
can very well be so replaced. The saving in copper weight 
depends on the permissible voltage drop. Heat dissipa- 
tion of the flat cable is much higher, owing to greater 
radiating surface of the flat conductor. 


Cable Design 


Materials and configuration in flat cable design show 
a considerable variety, as may be required by opera- 
tional and environmental conditions. 

Flexible printed and etched short cable harnesses, for 
example, may be designed for solder-connection to heavy 
electrical components. In such applications, suitable sup- 
port is required by the harness. This can be done by 
plastics foam; in some instances the harness is rolled 
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up and foam potted. Heat dissipation can be accomplished 
by heat sinks and external leads. 

The flat embedded-conductor cables, however, are used 
in the greatest volume. Conductor lines run quite long. 
As to widths, the lines may be quite narrow in com- 
instrument and low-current applications 
generally, provided safe handling is assured. For power 
transmission, widths may vary from 0.040 in. to 1 in. 
or more. Conductors are paralleled for heavier loads. 
To simplify stock-keeping, cables with a standard line 
width of 0.040 in. may be used wherever feasible. 

Environmental conditions (such as temperature), and 
required mechanical characteristics will determine the 
type of plastics ribbon used as the insulation. Under 
normal temperature conditions for service up to 80 C, 
polyester film (Mylar) is quite suitable. For higher 
temperatures, fluorocarbons (Kel-F or Teflon) are rec- 
ommended, with Teflon indicated where 250 C condi- 
tions are encountered. Where elevated temperatures are 
of long duration or exceed 250 C, special protection 
can be provided by the shielding and thermal insulation 
means used with standard round cables. Under extreme 
conditions of this nature, a decision of course has to 
be made between the use of flat-conductor cable or laced 
(bundled) round wire. The transition problem at the 
termination points is a major one. This problem is 
aggravated when fiber-glass reinforcement is added to 
a fluorocarbon insulation to increase the tensile strength. 

Mechanical weakness is the limitation in flat cables 
made of copper conductors and silicone rubber insula- 
tion, which otherwise possess outstanding temperature 
and chemical resistance. Still another limitation is the 
poor durability of the cable under vibration. The high 
degree of flexibility that is characteristic of the silicone 
rubber rapidly fatigues the copper conductor and leads 
to failure. Fiber-glass reinforcement for the rubber will 
prevent elongation of the copper but it will not sufficiently 
dampen vibration. Moreover, the fiber glass adds to the 
weight of the cable. 

Cables made with epoxy plastics insulation have a 
number of excellent qualities, but brittleness disqualifies 
them from applications where folding and creasing of 
the cable are required for installation. 


munications, 


AUGUST 1960 


Generally, most applications where the flat-conductor 
cables find their best use are in the 80 C operating range. 
Consequently, as already noted, polyester materials are 
the most useful of all the plastics discussed. 

As for conductor materials, copper is used in most 
flat cable designs. The 10-per cent higher conductivity 
of silver does not compensate for the much higher cost. 
Still other disadvantages of silver are its close affinity 
to sulfur and strong tendency to migration. Although 
aluminum offers a 75 per cent advantage in conductivity- 
to-weight ratio compared to copper, its use presents a 
severe problem in making reliable connections. 

A number of other fabrication considerations are en- 
countered in flat-conductor cable design, but these are 
primarily the concern of the cable producers and need 
not be detailed here. It may be noted that in addition 
to the “sandwich” method, in which the conductors are 
embedded between plastics ribbon insulation, a plastics 
extrusion may be employed. This technique is particularly 
means used with standard round cables. Under extreme 
around the desired flat conductor configuration and then 
finally cured at the specified temperature and cure time. 
Extruded insulation (in addition to the inherent char- 
acteristics of the material used, such as chemical inert- 
ness and high temperature resistance in the case of 
Teflon) is never subject to delamination. The extrusion 
process requires a chemical pre-treatment of the copper 
conductor to assure a proper bond. The pre-treatment 
makes it necessary to clear the conductors at the termina- 
tions, but the bond strength improvement obtained out- 
weighs the inconvenience of termination preparations. 


Load-Carrying Capability 


At first glance the flat-conductor cable does not seem 
able to carry much load, yet tests reveal impressive figures. 
As previously noted, one of the outstanding features of 
the flat conductors is the large surface it provides for 
heat dissipation both by radiation and conduction. 

Figure 1 shows that a flat cable with the same 
temperature curve as an AWG 325 wire cable is three 
wire gages finer. These tests were made with 3-ft cables 
suspended in free air. 
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Flat conductor 
cable 


ient (25 C) 











Am peres 


Fig. 1—Temperature rise vs current in conventional laced 
(bundled) 27-conductor cables and in a 2-in. flat-condactor 
polyester cable with 27 conductors 0.040 in. x 0.0027 in. each 
carrying equal current. 


Figure 2 shows the temperature rise of a flat conductor 
cable in free air vs time, with current as a parameter. 
It takes about 4 to 5 min for the end temperature to be 
reached. A 2-amp current produces a 26 C temperature 
rise. By mounting the flat cable by means of double- 
sided, pressure-sensitive tape on a heat sink, consisting 
of 1/16-in. aluminum strip 6 in. wide, the temperature 
rise is much slower and not so high. (See Fig. 3.) The 
2 amp produce only a 14 C rise and it takes 10 to 15 
min to reach the final temperature. Also, the cable can 
withstand 4 amp per conductor for a temperature rise 
of 58 C; without the heat sink, 2.8 amp will produce the 
same rise. 

Figure 4 shows more clearly the difference in tempera- 
ture with and without heat sink. The heat sink cuts the 
temperature rise in half. A printed-cable conductor that 
is equivalent in cross section to an AWG #28 wire is 
as useful as a +23 wire, considering copper weight 
and temperature rise. Still more heat can be dissipated 
by adding a dull black metal foil to the top side of the 
printed cable in addition to a dull black heat sink to 
which the cable is mounted. The effect of various shield 
and heat-sink conditions is shown in Fig. 5. The use of 
an electrostatic shield for lowering the temperature is 
of particular advantage where an a-c power circuit has 
to be shielded to avoid undesirable pickup in nearby 
sensitive circuits on the same cable. 


Interference and Shielding 


The geometry and arrangement of the flat conductor 
design promotes the use of effective shielding methods. 
Figure 6 shows a typical cable construction. Figure 7 
illustrates various configurations and gives capacitance 
values. Consistently lower values are obtained by means 
of appropriate shielding. 

The direct capacitance between adjacent conductors 
in a conventional cable (424 AWG two conductors, 
twisted and shielded) was found to be 10.9 pf/ft. In 
comparison, the single-shielded printed cables gave ap- 
proximately an 8:1 decoupling improvement between 
adjacent conductors. The capacitance from conductor- 
to-shield was approximately the same for a single-shielded 
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Fig. 2—Temperature rise vs time in air at different currents 
in the 27-conductor flat cable described in the caption for Fig. 1. 


printed cable as it was for the conventional cable. 

The double-shielded printed cable gave approximately 
a 60:1 decoupling improvement between adjacent conduc- 
tors compared with corresponding values for the con- 
ventional cable. The conductor-to-shield capacitance for 
the double-shielded printed cable was twice that of the 
conventional cable. 

After the various significant coupling capacitances 


(Continued on page 78) 


Cc) 


25 


Deg C above ombient (2 











0 2 4 . 
Amperes 
Shield Heat sink 
Curve} Alum. foil 0.003 X 2 in. Alum. sheet 4 X 6 in. 
(both sides) | 

1 | Bright | None 

2 None None 

3 | Black—matte None 

4 | Bright | Bright 

5 | None | Bright 

6 | Natural—matte Black—semi-gloss 

1 Black—+semi-gloss | Black—matte 





Fig. 5—Temperature rise vs current for aluminum-foil shielded 
2-in. polyester flat cable with 27 conductors, measurements made 
with and without heat sink as indicated. 
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Amperes 
Fig. 3—Temperature rise vs time for different currents for flat- Fig. 4—Temperature rise vs current in flat-conductor cable, 
conductor cable bonded to aluminum heat sink. measurements taken with heat sink and in air. 


Dimensions Shiela— Pressure -sensitive tope 
Width of cable... .. — | * i Tas ss aera iceiiilene 
Number of conductors 27 flat strips —_-“O§§§§ “<_< 


Conductor width.... 0.040 in. Conductor | z\ 3 s 5 6 7 
Conductor thickness 0.0027 in. Shieid 





Conductor spacing... 0.070 in. center to center 
Overall cable thickness 0.010 in. without shields 
Insulation. polyester or polyethylene . 
Shield. alum. foil, 0.002 in. thick Fig. 6—Cross section and dimensions for a representative 
Adhesive for shield pressure-sensitive tape shielded flat-conductor cable. 
5.68 pt/ft 69 Fig. 7—Suitable shielding and grounding arrangements can be 
rik 4 | — used to reduce the direct capacitance in various configurations 
| of flat-conductor cable. For example, the capacitance of 5.68 
— — ~ as — = =) pf/ft for the configuration shown in upper left can be reduced 
"Ee —{—— to 0.69 pf/ft by grounding three conductors as shown in upper 
right. The addition of grounded shields reduces the capacitances 
aw still further, as will be noted. (The values marked with an 
Pre : y " asterisk are for conductor-to-ground capacitance.) 
<# 
(0.8 mv/ft) (0.35 mv/ ft) 
D 0.8 mv/ft Oo 0.28 mv/ft 
(0.40) (0.08) 
o 0.41 oD 0.06 
(0.37) (0.06) 
o 0.37 0 0.03 
calcula _ 
—T (0.09) (0.05) 
Fig. 8—Capacitive crosstalk measurements for various configura- o 005 o 0.016 


tions of flat-conductor cables. The values in parentheses are in 
millivolts per ft, and represent the pickup voltage caused by 
a current of 4 amp at 400 cps in the disturbing circuits. (D = 
120 volts, 460 cps.) 
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Summary of Crosstalk Measurements in 
Flat-Conductor Cables 





Crosstalk, uv 


Capac- 











Induc- 

tive, itive, 

Disturb- | Ground- Sensi- uv/amp uv/v 

ing | ed tive ft ft 

conduc- | conduc- | conduc- (10 (5000 

Shields tors | tors | tors | ohms) ohms) 

1+2 - |3+4 | 23 6.9 

1+ 2 3 3+ 4 23 3.4 

No shield | 1 + 2 4 3$+4i] 23 |; 16.8 

1+ 2 - }4+5 | y | 3.0 

}1+2 3 4+5 | 9 0.4 

Shield on | 1 + 2 - 1344 23 2.3 

one side, 1+ 2 3 13 +4 23 0.5 

L% in. 1+2 4 '3+4 23 5.2 

alum. 1+ 2 - 4+5 a 0.2 

strip 1+2 | 3 1} 4+5 9 0.1 
grounded 

Shields 1+ 2 ~ 3+ 4 | 23 0.4 

both 1+ 2 3 i3+4| 23 0.0 

sides, ls 1+ 2 a '3+4 23 0.8 
in. alum. 
strip } 
alum. foil | 
grounded 








have been determined within a printed cable, a particular 
design can be duplicated. This is possible because the 
printed cable maintains uniformity in production. 


Crosstalk 


Since the capacitive crosstalk is a function of direct 
capacity and voltage, similar results may be expected 
for crosstalk from shielding and spacing. Crosstalk 
caused by current (magnetic fields) depends on con- 
ductor location. Magnetic shields were not investigated 
since the inductive influence can be minimized by dis- 
tance or two-layer arrangement of the sensitive con- 
ductors. 

For the capacitive crosstalk measurements shown in 
Fig. 8, the disturbing circuits carried no current. The 
sensitive circuits were terminated at both ends with 5000 
ohms. The millivolt values in parentheses represent the 
pickup voltage caused by a current of 4 amp at 400 cps 
in the disturbing circuits. 

A summary of crosstalk measurements is given in 
the accompanying table. The cable conductors are identi- 
fied by numbers ( Nos. 1-5) in direct sequence of position. 


Inductive Interference 


The inductive interference induced in the sensitive cir- 
cuit by the disturbing circuit was decreased by increas- 
ing the space between these two circuits. When the cir- 
cuits were connected to adjacent conductors (no separat- 
ing conductors) the interference was 23 microvolts per 
amp per ft. When these circuits were separated by a 
conductor, the inductive interference was reduced to 
9 yv/amp/ft. It can be seen that the addition of shields 
had no effect on the inductive interference, since they 
were nonferrous. 
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Capacitive Interference 

@ No shield—free air. The capacitive interference 
induced in the sensitive circuit (conductors 3 and 4) 
by an adjacent disturbing circuit (conductors 1 and 2) 
of an unshielded cable was 6.9 »v/v/ft. This interfer 
ence was reduced to 3.4 »v/v/ft by grounding conductor 
3. The capacitive interference was further reduced 0.4 
pv/v/ft by separating the two circuits with a grounded 
conductor. 

@ Shielded—one side. The capacitive interference be- 
tween adjacent “floating” circuits was reduced from 6.9 
to 2.3 pv/v/ft. It was further reduced to 0.1 pv/v/ft 
by separating the circuits with a grounded conductor. 

@ Shielded—two sides. The interference between ad- 
jacent “floating” circuits was reduced to 0.4 pv/v/ft by 
double shielding. This interference was reduced to ap- 
proximately zero by grounding conductor 3. 

It did not appear to make any difference whether the 
separating conductor was “floating” or grounded when 
the cabie was shielded. The important factor was the 
separation between these circuits. 

The amount of crosstalk depended upon the relative 
power levels of the disturbing and sensitive circuits and 
upon the coupling between these circuits. The coupling 
was increased by increasing the overall dielectric con- 
stant, by decreasing the space between the two circuits, 
by increasing the exposed lengths of the circuits, and 
by increasing the frequency. The coupling was de- 
creased by the reverse procedure and proper sh'elding. 
With a given configuration, the crosstalk varies almost 
directly as the frequency and terminating impedance. 


Attenuation Comparison 


Power may be lost in r-f cables by radiation, by heat- 
ing of the conductors, and by heating of the dielectric. 
Heat losses in both the conductor and the dielectric in- 
crease with frequency. The lower the characteristic im- 
pedance of the cable, the greater become the conductor 
losses. The converse is true of dielectric losses. Due to 
the low impedance of a given flat conductor cable, its 





“te 





Fig. 9—Comparison of cable attenuation between a flat-conduc- 
tor cable and a coaxial cable type RG-55/U. The flat cable has 
0.40 in. x 0.0027 in. copper conductors, center+to-center spacing 
0.075 in., and top and bottom polyester insulation 0.007 in. thick. 
An aluminum shield is provided on one or both sides of the 
cable, as desired. 
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25 conductors 


—-+0025 













Edge reinforcement, 0.015 x 0004+ 0.0004 
(stones steel each edge 


Note: Total cable thickness, less adhesive 
0.015 backing, 0.012 + 0.0015 in 


0.030 +0003 * 
Conductor - to - conductor tolerance 


non - cumulotive 
** Copper conductor, 0.040 x 0.004 
+ 0.0004 in 


0.075 +0.003 


0.075 +0.003* 
0.040+0.002 


Conductor * * 


lbotar ity identification ist conductor 
colored bive both sides with 1/4 
inch dashed line ond space 


Fig. 10—Proposed standard dimensions for a 25-conductor flat-conductor cable. For an 18-conductor cable, the proposed width 
is 1.465 in.; for a 12-conductor cable, 1.015 in.; and for a 6-conductor cable, 0.565 in. The allowable tolerances are the same in 


each size: +-0,000 in., —0.006 in. All other details also apply. 





attenuation is higher than that of the most common 
coaxial cables. Attenuation data for a frequency range 
from 1 to 300 me are shown in Fig. 9. A flat conductor 
cable using Teflon fluorocarbon insulation rather than 
Mylar polyester and polyethylene would compare much 
more favorably with a standard coaxial cable. 


Standardization 


In a relatively new technique such as flat-conductor 
cables, a great deal of confusion may arise through the 
introduction of an excessive number of types, varieties 
and dimensions of products. A standard specification for 


Proposed Specifications for Flat-Conductor Cable 








General requirements 
Insulation A plastics material to fill the spec- 
ified mechanical and electrical re- 


quirements 
Conductor material Preferably copper 
Optional for added strength 


Conductor No. 1 to be marked 
with dashed lines on both sides 
500 gm/in. width at a pull speed of 
12 in./min. 


Edge reinforcement 
Polarity identification 


Adhesive backing 


Creep strength } 100 gm/in. width with no creep 


Mechanical requirements | 
Tensile strength 
Flexibility 


8000 psi minimum 


No detectable defect after: 
500 bends of * 180 deg over |«- 
in. diam rod and 10 single sharp 
folds and straightenings. 
Vibration of 4-in.-long free loop 
of cable, 15 g for 20 min, sweep- 
ing frequency 10-2000-10 cps. 

Water absorption 0.5 per cent maximum (24 hr im- 

mersion at 23 C) 


60 C to + 85C 
—60 Cto + 50C 


Operating temperature 
Storage temperature 


Electrical requirements 


Dielectric strength 2000 volts a-c for 60 sec 


Dielectric constant 4 maximum 
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flat-conductor cable is therefore proposed herewith by 
the author and is detailed in the accompanying chart. A 
typical construction is illustrated in Fig. 10. It is hoped 
that the specification may be adopted and at least will 
serve as a design guide. 

Considerable effort was spent to determine cable di- 
mensions and their tolerances. The basic figure is 0.075 
in., which is the center-to-center spacing and also the 
border width. All conductors are 0.040 in. wide, 0.004 
in. thick, and weigh 3 oz/sq ft. The exclusive use of 
these dimensions is recommended. In case one conductor 
cannot carry the load without overheating, two or more 


conductors should be used. 


Application and Connector Problems 


Although the nature of the flat-conductor cable allows 
the use of much simpler installation methods than are 
required for conventional wire, certain working pro- 
cedures must be observed for optimum results. The prob- 
lem of suitable connectors is of course particularly im- 
portant. Connectors have to be specially designed for 
use with the flat cables; much important work has already 
been done in this area. A discussion of general applica- 
tion procedures and of special connectors will form the 
second part of this article, and will appear in the next 
issue. Oo0°0 


Sources 


To the author’s best knowledge, the companies listed below 
have actively participated in the development and manufacturing 
of flat-conductor cables. A much larger number of user companies 
has shown considerable interest in the development and applica- 
tion of this type of cabling. The airplane and missile industry de- 
serves special mention. 

Gore Associated, Incorporated, Newark, Delaware 

International Resistance Company, Philadelphia, Pennsylvania 

Methode Manufacturing Corporation, Chicago, Illinois 

Sanders Associates, Nashua, New Hampshire 

Tape Cable Corporation, Rochester, New York 


Combined Reprint 


A combined reprint of this two-part article on Flat- 
Conductor Cable Systems will be available after the 
publication of the second part in the next issue. 
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Designing Passive and 
Tunnel-Diode Networks—1 


Modern synthesis techniques for realizing prescribed frequency 
characteristics by dissipative passive networks and by amplifier 
networks containing tunnel diodes. Also includes predistortion 


techniques to be applied to the exact design of practical networks. 


LOUIS WEINBERG 
Hucues Researcu LasoratTory 
Malibu, California 


THE TUNNEL DIODE promises to introduce a revolution in 
amplifier design that is at least comparable to the revolu- 
tion caused by the transistor. Several papers have been 
written on the design of tunnel-diode amplifiers, but most 
of these have been limited to the design of a single stage. 
No general approach has yet been formulated for the 
design of multistage tunnel-diode amplifiers. Some diffi- 
culties that arise in the design of such amplifiers have 
been mentioned in the discussions in the literature—e.g., 
the problems of achieving isolation of tunnel-diode stages 
and of making the tunnel diode unilateral. These difh- 
culties arise because the tunnel diode is a two-terminal 
device obeying the reciprocity theorem. 

However, synthesis procedures for the design of passive 
networks work exclusively with two-terminal reciprocal 
devices. Consequently, if we wish to adapt the available 
procedures to obtain methods for the exact design of 
networks containing tunnel diodes, we should consider the 
two-terminal and reciprocal properties of the tunnel diode 
as highly desirable. This paper demonstrates how to take 
advantage of these properties for synthesizing multistage 
tunnel-diode networks that realize a specified transfer 
function. 

The method used is closely related to one for designing 
dissipative passive networks, which is well known to net- 
work theorists, (])* but is not so widely used as it 
should be by engineers in the laboratory. It is therefore 
worthwhile to discuss this technique in some detail in 
conjunction with the technique for designing tunnel- 
diode networks. 

Most of the practical synthesis procedures yield lossless 
networks terminated in resistance. Tables of element 
values for such networks have been presented in previ- 
ously published papers. (2-5) Engineers working in the 
laboratory recognize that, because of unavoidable dissipa- 
tion in reactive elements, building the network to have 
the prescribed characteristics may be difficult. The para- 


* Italic numerals in parentheses refer to Cited References at end of article. 


sitic resistances associated with coils may introduce a 
discrepancy between the designed and the actual charac- 
teristics of a network. We can attempt, of course, to make 
the discrepancy negligible by the use of high-Q coils, 
but the concomitant increase in coil size and weight may 
be intolerable for many applications. 

However, there is a simple transformation of the fre- 
quency variable that permits parasitic losses to be taken 
into account in such a way that the desired characteristic 
is realized exactly. The method is called predistortion. 
It provides a series resistance with every inductance of 
the network and a shunt conductance with every capaci- 
tance, without changing the shape or the magnitude or 
the phase of the prescribed transfer function. The ele- 
ments of the network are equally dissipative, so that the 
network is said to possess uniform dissipation or to be 
uniformly predistorted. The only change in the transfer 
function is in the constant multiplier. Thus a flat loss is 
introduced by the method. 

The method is simple and it is exact. However, in the 
low-pass network case, it does have the undesirable effect 
of introducing dissipation where it is not needed—namely, 
across the capacitances. This loss is actually useful when 
the low-pass to band-pass transformation is used. 

Tables of element values for such networks have been 
previously published. (/])} These networks have a maxi- 
mally flat-magnitude characteristic, an equal-ripple mag- 
nitude characteristic, or a maximally flat time delay. The 
tables, however, are restricted to the case of a resistance 
termination at only one end. For many purposes—for ex- 
ample, in microwave applications—it is desirable to have 
resistance terminations at both ends. The procedure de- 
scribed herein permits such a design to be carried out, 
and the author hopes in the future to publish tables of 
element values for such designs. 

There is also an exact transformation that yields one 
value of dissipation for the inductances and another for 
the capacitances. (6-7) This procedure is characterized as 
nonuniform predistortion. Whereas in the case of uni- 
form predistortion, all inductors and capacitors have 
the same dissipation factor, d, in the case of nonuniform 
predistortion, (1) the capacitors are lossless, but all in- 
ductors have the same dissipation factor, d, or (2) all 
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capacitors have the dissipation factor dc, and all induc- 
tors have the dissipation factor d,. 

An application for the case of polynomial filters 
realized by networks terminated in resistances at one 
end is given in Cited Reference (8) and a clear interpre- 
tation of Darlington’s procedure for nonuniform predis- 
tortion of the general resistance-terminated network is 
given in Cited Reference (9). However, most of this dis- 
cussion will illustrate the case of uniform predistortion. 

In uniform predistortion, the transformation to be 
employed consists of carrying out a shift in the fre- 
quency. The general form of the transfer function for any 
network is expressed as a function of the variable s, the 
complex frequency (s =o + jw).* The desired trans- 
formation, or frequency shift, is obtained by substituting 
for s a new quantity, p—d, where p is a new complex 
variable and d is a positive constant. 

For the realization of active networks containing tun- 
nel diodes, we use the predistortion technique in re- 
verse. (10) In reverse predistortion, instead of substitut- 
ing s == p —d into the given system function, as is done 
in uniform predistortion, we substitute s = p + d. Thus 
the removal of the predistortion—that is, the inverse 
transformation to obtain the original transfer function-— 
requires the substitution of p — s — d, which corresponds 
in an RC network to associating a negative resistance in 
parallel with each capacitance. In nonuniform reverse 
predistortion, if we use Darlington’s notation (9) and let 
d, and 8, respectively, represent one half the sum and one 
half the difference of the dissipation constants of the 
inductances and capacitances, we obtain the same im- 
pedances as in direct predistortion—namely, the typical 
inductive impedance of L(s +-d,-+-8) and the typical 
capacitive impedance of C(s +-d,—8). Now, if we 
wish to have a negative dissipation constant for the 
capacitances, the only change from direct predistortion 
is that 8 > d). 

In ordinary predistortion, the pole of the given system 
function that is closest to the j axis limits the size of d 
that can be chosen. In reverse predistortion, however, 
stability considerations no longer limit the size of d, since 
poles of the original function, instead of moving closer 
to the j axis, move away from the axis. There are other 
advantages in this shift of the critical frequencies to the 
left. For example, non-minimum-phase functions can be 
made minimum-phase by choice of an appropriate value 
of d; thus, networks and procedures that can be used 
only for minimum-phase functions—like the ladder net- 
work or Dasher’s procedure for the realization of RC 
networks—now become applicable. 

It is not true, however, that since the shift is to the 
left, there are no constraints on the value of d. For a 
normalized design, d is the reciprocal of Q, the quality 
factor of the coil or capacitor; thus the value of the Q 
that can be achieved with the tunnel diode and the maser 
may be a limiting factor for some applications. For a 
negative-resistance device, it is desirable that the absolute 
value of Q be as small as possible; for example, a small 
capacitance and a large absolute value of negative con- 
ductance yield a high-quality tunnel diode. 

A most important effect of this procedure of reverse 
predistortion is that the final network, which will re- 
quire negative resistances for its realization, yields what 


* See “Network Analysis,” Louis Weinberg, Evactmca, Manvracrusine, January 
1960, p 89. 
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Fig. 1 — Tunnel diode and its equivalent circuit. 


could be called a flat gain. This gain can be computed in 
a manner similar to that of computing the flat loss. 

This technique of reverse predistortion applies to the 
synthesis of tunnel-diode networks where, as shown in 
Fig. 1, the equivalent circuit of a tunnel diode is taken 
to be a parallel connection of the junction transition 
capacitance and a negative resistance. This equivalent 
circuit is a good one for a large frequency range of 
practical interest. 

In succeeding sections, predistortion and reverse pre- 
distortion will be discussed in more detail and some 
applications and examples of both of these techniques will 
be considered. In the case of reverse predistortion, we 
shall also show how to reduce the required number of 
tunnel diodes. 

It should first be mentioned that, in the discussion of 
the tunnel-diode networks, we are concerned only with 
the a-c circuit of the device. Thus, we will not give de- 
tailed consideration to biasing problems. Similarly, we do 
not consider in detail such problems as the dynamic range 
of the tunnel diode, distortion, how to control the spread 
of negative-resistance values required in a design, maxi- 
mizing the gain-bandwidth product, or achieving designs 
with low sensitivity to parameter variations. Because of 
the flexibility of synthesis procedures and the multiplicity 
of alternative solutions that generally becomes available, 
the use of such procedures should indicate how to ap- 
proach the optimum with regard to each of these prob- 
lems. For example, there are transformation methods for 
decreasing the spread of capacitance values (and hence 
of the negative conductance values associated with them 
by the reverse predistortion); secondly, the ability to 
control the number and positions of the tunnel diodes 
in a network can be used to achieve compatibility with 
the linear range of different tunnel diodes available; in 
fact, this latter aspect of the synthesis procedure may 
even influence requirements and criteria for the fabrica- 
tion of the tunnel diodes themselves. 

Although we do not discuss the above problems 
further, we do discuss two other important questions. 
One is the stability of the network designs. Whenever a 
circuit designer interconnects negative-resistance devices. 
he is bound to worry whether the overall structure will 
“sing,” or, in analytic terms, will have a system function 
with poles on the j axis or in the right half-plane. We 
shall, by a simple argument, show that the realization 
procedure guarantees the stability of the network. 

The second question concerns the reduction of the 
number of required active elements. In the straightfor- 
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ward procedure of reverse predistortion, the number of 
tunnel diodes required is equal to the number of capaci- 
tances in the network; for example, to realize an RC 
transfer function whose reciprocal is a fourth-degree 
polynomial with negative real zeros, four tunnel diodes 
are required. We shall show how to control the number 
of active elements by use of a network theorem and also 
by a simple modification of the straightforward pro- 
cedure. 


Predistortion Procedure 


In the procedure used to design predistorted passive 
networks, we first consider the transformation for uni- 
form predistortion—that is, the substitution of p — d 
for s—and make clear its effect on the network. This 
discussion yields the relationship between the shift d 
and the quality factor Q of the reactors for a low-pass 
network. The derivation of the relationship for the cor- 
responding band-pass network is also shown. Next, the 
simple expression for calculating the flat loss is derived. 
We conclude with an outline of the complete synthesis 
procedure used to generate uniformly predistorted net- 
works. 

Any transfer function of a network may be obtained 
by the proper combination of the driving-point functions 
of the network elements. The truth of this becomes clear 
when a transfer impedance or admittance is evaluated as 
the ratio of a co-factor and the determinant of the Kirch- 
hoff equilibrium equations for the network.* Thus, the 
effect of a frequency transformation on a transfer func- 
tion can be determined from its effect on the element 
driving-point functions. 

What is the effect on a network when, in the transfer 
function of the predistorted network [say, K(p)], p is 
replaced by s +d? Since the impedance of a resistance 
does not depend on frequency, the resistances of the net- 
work are not changed by the transformation. The im- 
pedances of an inductance Ly and a capacitance Cy, 
however, are frequency dependent, being given respec- 
tively by Lip and 1/(C,yp). If p is changed to s + d. 
these impedances become L,(s + d) and 1/[Cyis + d}}. 
As shown in Fig. 2, the first represents the impedance of 
an inductance L, in series with a resistance R, — dL,. 
whereas the second is the impedance of a capacitance 
Cy in parallel with a conductance G, = dC,. The constant 
d is thus equal to the reciprocal of the time constant of 
each impedance, d = R,/L, = Gy/Cy. For equal to 
unity, d represents the resistance-reactance ratio associated 


* See Network Analysis I is Weinberg, Evecrescan Mawvractuarn« Januar 
1960. pp 89-116 
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with each inductive impedance, and the conductance- 
susceptance ratio associated with each capacitive imped- 


ance, 

But the above transformaton of s + d for p is used 
to remove the effect of an original predistortion trans- 
formation. Therefore, if a resistance-terminated lossless 
network has been designed to give a predistorted low- 
pass filter characteristic with 1 as the cutoff fre- 
quency, then the removal of the predistortion makes d 
equal to 1/Q for each coil and capacitor, where Q, de- 
fined at the cutoff frequency, is L,/Ry or Cy/Gy. When 
the frequency normalization is removed, w 1 becomes 
the cutoff frequency wien, and Ly becomes Ly/w,.. If 
the Q of the coils is again defined at the cutoff frequency, 
then Q = eo (Ly/woo) /Ry = Ly/Rv. Thus the relationship 
between d and Q continues to hold after the frequency 
normalization is removed. The equality of the Q's of 
the elements leads to the designation of such a network 
as uniformly dissipative. 

The tables referred to also consider the corresponding 
band-pass filter obtained by a frequency transformation 
from the low-pass case (3); for this band-pass filter, a 
relation between the shift d and the required Q of the 
coils (both the coil in the series arm and the coil added 
across the capacitance in the shunt arm) also exists. 
Since different Q’s must be used in the analysis, it is 
convenient to designate the Q for the low-pass filter dis- 
cussed in the preceding paragraph by Q.». We further 
designate the coil Q we wish to use in each branch of 
the band-pass filter by Qyp and the Q of the band-pass 
magnitude curve by Q.),..:,. If we let L", and R", desig- 
nate the inductance and resistance values after the fre- 
quency and impedance normalizations have been re- 
moved, then, in terms of these quantities, 
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Finally, we use the conventional definitions 
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forward manipulations of Qy», we have 
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Therefore, if we have a small percentage bandwidth filter, 
the required Qy» of the coils will be large. For example, 
if d 1% and thus Q,» = 4, and if Q.,, = 50, the 
coil Qgp will be 200. 

The above analysis is in terms of the coil in the series 
arm of the network. The same results can be obtained 
for the parallel capacitance-conductance combination in 
the shunt arm. But when Qpp 10, the conductance 
across the shunt capacitance may be completely as- 
signed as the loss of the parallel coil that is introduced 
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by the transformation to a band-pass network. (11) 
Thus the Qyp of the coils in the shunt branches is also 
given by Eq (2). 

Now, suppose we desire to realize a prescribed low- 
pass transfer function by a network with uniform dissi- 
pation. The synthesis procedure that must be used, how- 
ever, is the Darlington one, which yields a lossless 
quadripole terminated in resistance. Therefore, it is first 
necessary to transform the prescribed function to one 
that describes the network with the lossless quadripole. 
The lossless network is simply the final one in which 
the uniform dissipation has been removed from each of 
the reactance elements. Corresponding to this network 
change, the transformation s p d is made in the 
prescribed function. In other words, the given function 
[here assumed for illustration as a transfer impedance 
Z., (s)] is predistorted to yield the transformed function 


Z7 x (p) Zn (p d) (3) 


It should be noted that the new transfer impedance 
Z’., has no physical significance. \t is merely an inter- 
mediate function for which we realize a lossless network. 
As a final step, uniform dissipation is added to the 
realized network; this cancels the effect of the original 
predistortion because it corresponds, as we have seen, 
to the substitution of s +- d for p in Z’.,. 

Predistorting a function moves its critical frequencies 
d units to the right. In Fig. 3 the critical frequencies in 
the s and p planes are shown for which Z,, = 1/[(s + 
2)(s* + 6s + 18)] and d 1, so that Z’,, = 1/[(p 
+ 1)(p*? + 4p + 13)]. Since Z’,, must remain a 
function realizable by a resistance-terminated network, 
its poles must lie in the left half-plane. Thus, one restric- 
tion on the amount of predistortion becomes apparent: 
d must be less than the absolute value of the real part of 
the pole of Z,, closest to the imaginary axis. 

There are other restrictions which should be men- 
tioned. If Z’,, is to be realized by a lossless network 
terminated in resistance, its numerator must be an even 
or odd polynomial. However, if Z., has a numerator that 
is even or odd (but is not merely a constant), the trans- 
formation s = p d cannot possibly yield an even 
or odd numerator for Z’,,. Thus, predistortion followed 
by use of the Darlington procedure for the lossless 
quadripole will not work in this case. For the character- 
istics treated in the tables of the references, the numera- 
tor of each transfer function is a constant so that no 
difficulty arises. 

In addition, the constant multiplier on Z"., must be 
adjusted before the synthesis is begun. For example, 
suppose Z., is given as 


H 


Zn 
r q(s) 


+ Gn. s* +++ + G8 + Ao 


where H is a constant multiplier, and we wish to realize 
a uniformly dissipative ladder network with a resistance 
termination only at the load end. Thus, we can realize 
Z"., by the ladder, shown in Fig. 4, for which 


be 


il, = 
F q(p d) 
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Fig. 3— Movement of critical frequencies as a result of pre- 
distortion: (a) poles of Z,, in s plane; (b) poles of Z7,, in 
p plane. 


be 


a p™+ bn p™' +--+ + hp + bo 


where 
bo = q(s) en-d (6) 


It is necessary that the constant multiplier be 6, since 
inspection of the network in Fig. 4 for s = 0 shows that 
Z".,,(0) must equal unity. 

If Z., instead of Z’., were realized by the network of 
Fig. 4, H would equal ay. However, Z., is realized by the 
uniformly dissipative ladder, shown in Fig. 5, and thus 


Zn = Z7 x (s +d) 


bo 
qs) 


bo a 
a q(s) 


The fixed loss introduced by the dissipation, therefore, 
is given in db by 


loss (db) = —20 log (bo/ao) (8) 


The fixed loss is therefore easy to compute, since b, 
is obtained by Eq (6). Frequently, the use of the re- 
mainder theorem simplifies the computation. 

Based on the above description, the procedure for 


Fig. 4— Ladder network for realizing Z7,,. 


Fig. 5— Uniformly dissipative ladder. 








realizing a uniformly dissipative low-pass network is 
summarized by the following steps: 


1. Determine the realizable Z’,,(p) from the specified 
Z.,(s) by making the substitution s = p — d. 

2. After performing the necessary adjustment of the con- 
stant multiplier of Z’,,, realize Z’,, by a network whose 
reactances have no associated dissipation. 

3. Make the realized network uniformly dissipative by 
adding a resistance R,—dL, in series with each induct- 
ance L, of the network, and adding a conductance G, = 
dC, in parallel with each capacitance C, appearing in the 
network. 

4. The uniformly dissipative network realizes the Z,,(s) 
= Z7,,(s + d); this is equal to the given tranfer im- 
pedance within a constant multiplier. The flat loss intro- 
duced by the added dissipation can be calculated by use 
of Eq (8). 


Reverse Predistortion 


From the above discussion of predistortion, the 
reader can formulate the changes that come about in 
the case of reverse predistortion; i.e., when we substi- 
tute s = p + d into the given system function instead 
of s = p — d. It was mentioned at the beginning of 
this article that the removal of the reverse predistortion 
requires the substitution of p — s — d; this corresponds 
in the network to the transformations as shown in Fig. 6. 

It was stated above that in ordinary predistortion the 
pole of the given system function closest to the j axis 
limits the size of d that can be chosen. In reverse pre- 
distortion, however, these stability considerations no 
longer limit the size of d, since poles of the original 
function, instead of moving closer to the j axis, move 
away from the axis. As we shall see, a number of other 
advantages are obtained by this shift of the critical 
frequencies to the left. For example, non-minimum-phase 
functions can be made minimum phase by choice of an 
appropriate value of d; thus, networks and procedures 
that can be used only for minimum-phase functions— 
like the ladder network or Dasher’s procedure for the 
realization of RC networks (12)—now become applic- 
able. 

It is not true, however, that, since the shift is to the 
left, there are no constraints on the value of d. As dis- 
cussed in the section on “Predistortion Procedure,” for 
a normalized design d is the reciprocal of Q; thus, the 
value of Q that can be achieved with the tunnel diode 


may be a limiting factor for some applications. For a 


£ nies ; 
o =~) Ky di, ohms 
—T—0 ———  O— TT "VV" — 0 
- 
be 
i. 
“fe 
o——_j+_0 oe 


, eC mhn< 
le = -9C, mho 


Fig. 6 — Conversion of reactances when s — d is substituted 
for p. 
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negative-resistance device it is desirable that the absolute 
value of Q be as small as possible; for example, a small 
capacitance and a large absolute value of negative con- 
ductance yield a high-quality tunnel diode. 

A most important effect of this procedure of reverse 
predistortion is that the final network, which will re- 
quire negative resistances for its realization, yields what 
could be called a flat gain. This gain can be computed in 
a manner similar to the computation of the flat loss. (See 
section on “Predistortion Procedure” above.) 

The technique of reverse predistortion (both uniform 
and nonuniform) may serve any of a number of different 
functions, several of which are suggested and illustrated 
by examples, as follows: 


1. Realization of a transfer function with a constant mul- 
tiplier that is larger than the maximum possible when the 
function is realized by an RLC network without transformers 
This is illustrated by realization of an RC network con- 
taining tunnel diodes. Here the tunnel diodes are in effect 
taking the place of an ideal transformer. Then, by use of 
the low-pass to band-pass transformation, we obtain a 
band-pass network where, again, the equivalent circuit of 
the tunnel diode appears. 

2. Realization of a non-minimum-phase transfer function 
by a ladder network. Here the tunnel diodes make it possible 
for a simple configuration to accomplish a filter function 
that would require a more complicated passive configuration. 
When the zero of the transfer function is on the positive 
real axis, the active elements make it possible for a grounded 
network like the ladder to accomplish a function that is 
impossible for both grounded and ungrounded RLC net- 
works without transformers. Thus, the active elements again 
serve to eliminate the necessity of using ideal transformers. 

3. Realization of a transmission coefficient t(s) by a 
coupling network terminated in a resistance at each end 
Here, if the coupling network is passive, |t(jw)| l. By 
use of the active elements we can achieve a magnitude of 
transmission coefhcient that is greater than unity—i.e., a 
power gain. In this case, of course, no passive network can 
accomplish this function. 


As an example of the synthesis procedure, suppose 
we wish to realize a given transfer-voltage ratio 


K(s) = . (9) 


n(s) 
I n 
’ q(s) 


where the desired value of the constant multiplier, H, 
either cannot be achieved by a passive network of the 
desired configuration and type, or (when terminating 
resistances are specified) is equivalent to a power gain. 
In uniform reverse predistortion we obtain a transformed 
function by substituting s = p + d, 


K7(p) = K(p + d) 
H mp + d) (10) 
q(p + d) 


where the minimum value of the positive constant d is 
determined by the required value of H. K’(p) is then 
realized by a desirable network configuration. Finally. 
to remove the effect of the original reverse predistortion, 
we substitute p = s — d in K"(p) and make the corres- 
ponding changes in the realized network, as was shown 
in Fig. 6: for each inductance L, in the network, we sub- 
stitute a series combination of L, and the negative re- 
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sistance —R, L,d, and for each capacitance Cy, we 
substitute a parallel combination of Cy and the negative 
conductance —Gy == —Cyd. We then replace each nega- 
tive element plus its associated capacitance with a tunnel 
diode. 

In realizing K7(p) we have all the varied techniques 
of passive synthesis at our disposal; thus, a procedure 
can be chosen that yields a network satisfying the prac- 
tical constraints of the new devices—e.g., stabilization, 
d-c bias, achievement of suitable impedance levels, possi- 
bility of obtaining the equivalent circuit of the device 
wherever a negative element occurs, achievement of 
terminating resistances at input and output ports if re- 
quired, etc. 

This procedure can be applied to system functions 
for RC networks, LC networks, or RLC networks. The 
limits of its applicability can be determined by a 
knowledge of realizability conditions on the various 
types of system functions; for example, as mentioned 
above, since the transmission coefficient t(s) of a loss- 
less network terminated in resistance must have an even 
or odd polynomial as its numerator, this must be true of 
the transformed function ¢"(p) if it is to be realized by 
such a network. 

When the procedure is applied to an RC voltage ratio 
with no finite zeros, the network realizing K7(p) may 
be of the form shown in Fig. 7. The effect of the pre- 
distortion is removed by substituting p = s — d in 
K"(p) to obtain the original function K(s). Performing 
the corresponding change on the network gives the net- 
work shown in Fig. 8, where it is noted that each labeled 
conductance is negative. Finally, each negative conduct- 
ance and its associated parallel capacitance is replaced 
by an equivalent tunnel diode to give the final network in 
Fig. 9. 

If the low-pass network in Fig. 8 is converted to a 
band-pass network by use of the low-pass to band-pass 
transformation, the network shown in Fig. 10 is obtained. 
Again, each negative conductance and its associated 
capacitance may be replaced with a tunnel diode. 

When ¢t(s) is given and the LC network is to be in- 
serted between generator and load resistances, the re- 
verse predistortion is performed on t(s) to obtain ¢"(p). 
Then, after the Darlington procedure (/3) is used to 
realize t”(p), the transformation discussed above may 
be performed on the network. 

For the case of nonuniform dissipation, a number 
of alternatives is possible, depending on the require- 
ments of a given problem. The inductances may be de- 
signed for zero dissipation, whereas the capacitances 
may be associated with negative dissipation. Secondly, 
the design may yield inductances in series with positive 
dissipation and capacitances in shunt with negative dis- 
sipation; in this case, low-Q coils or cavities may be 
used without an active element in the series arms. 

As examples of the type of network obtained, we note 
that negative dissipation for the capacitances and zero 
dissipation for the inductances leads to the final LC 
network form for the low-pass case shown in Fig. 11. 
Figure 12 shows the corresponding band-pass case. The 
substitution of the tunnel diode proceeds as explained 
previously, When positive dissipation is associated with 
the inductances and negative dissipation with the capa- 
citances, the band-pass circuit, for example, will then 
appear as in Fig. 13. As mentioned above, this has the 
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Ladder network realizing K7(p) = E,/E,. 


Fig. 8— Ladder network containing negative conductances 
and realizing K(s) = E,/E,. 


Fig. 9— Multistage tunnel-diode amplifier network realizing 
Kis) E./E,. 


Oo - 
Fig. 10— Ladder network obtained from ladder in Fig 


* low-pass to band-pass transformation. 


Fig. 11 — Network with non-uniform 
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Fig 12— Network obtained from ladder in Fig. 11 by low- 
pass to band-pass transformation. 
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Fig. 13 —Band-pass network with positive resistance in the 
series arms and negative resistance in the shunt arms. 


desirable properties of allowing the use of low-Q coils 
in the series arms (without the addition of an active 
element) and tunnel diodes in the shunt arms. 

Some numerical examples illustrating reverse predis- 
tortion will be considered in Part 2 of this article*; 
it is useful to finish this section with an illustration of 
the filter function of reverse predistortion for a class 
of problems. This application is the extension of the 
use of the basic lattice configuration shown in Fig. 14(a) 
to non-minimum-phase transfer functions. (/4) As can 
be checked by simple calculation, this lattice has an 
open-circuit transfer impedance of the form 


s +as +b 


Zn = 
2 = (ul) 


= 0 and b, c, > 0. Given any Z., of this form. 
the lattice can be designed by use of the formula 


where a 


iI 
Pq =—{%, — 2.) (12) 


- 


where the series arm is given by 


Zz D 
si Shes (13) 
a l 
( (: — ) 
R.C, 
and the cross arm is 
Z His + @) 


It is shown in the reference that, by simple lattice trans- 


*To be published in the September 1960 issue of Evectaicat Manuracruninc 





Fig. 14 


RC lattice and its grounded equivalent networks. 
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formations, the grounded networks shown in Figs. 14 
(b), (c) and (d) may be obtained if certain conditions 
are satisfied. In order to obtain the network shown in 
Fig. 14(b), it is required that 
Rh, _ 
> | (15) 
R, 
To obtain the network shown in Fig. 14(c), the con- 
dition to be satisfied is 


~e2l (16) 


If neither of the above conditions is satisfied, we must 
use the network shown in Fig. 14(d), for which a less 
stringent condition must be satisfied. This condition is 


Us Ry 


a" 2h 4 (17) 


The above condition is equivalent to requiring that 
the given transfer impedance be minimum phase—i.e., 
of the form given in Eq (11). Thus, all minimum-phase 
transfer impedances may be realized by this form of 
grounded network. When the condition of Eq (17) is 
satisfied by equality, Z,, has zeros on the j axis; when 
the inequality is satisfied, the zeros lie in the left half- 
plane. 

Now, when we allow the final network to contain 
tunnel diodes, the zeros of a specified Z., may lie any- 
where in the right half-plane. We merely perform the 
transformation for reverse predistortion, using a large 
enough d to move these zeros to the j axis or into the 
left half-plane; now the Z,, 
as Z’.,, the predistorted transfer impedance. After this 
is realized by a passive network with one of the grounded 


in Eq (11) is considered 


forms in Fig. 14, we then remove the effect of the reverse 
predistortion to obtain the original transfer impedance 
that is thus realized by a network containing tunnel 
diodes. 


illustrative Example of Predistortion 


In this section we illustrate the procedure for realizing 
a uniformly predistorted network; more specifically, we 
realize the transmission coefficient 


i 


((s) ( 
q s) (18) 


- H 
(s + 2) (s? + 3s + 3) 


by a uniformly dissipative network with d 


1; the 


\ 
. 
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network is to be terminated by a one-ohm resistance at 
each end. {The particular transfer function in Eq (18) 
represents no useful characteristic, but has been chosen 
merely for simplicity of illustration. ] 

Substituting s p 1 in q(s), we then determine 
that the minimum of g(p L) equals one and occurs 
at s = 0 so that equal resistance terminations are possible 
when H is set equal to one. We thus have 


] 
(p+)DG+p+) 


p+ 2p? + 2p + 


t"(p) os 


We now follow the steps in the Darlington procedure, (13) 
which are explained simply in the reference. Using the 
relationship 


oe (p)|*,-10 = 1 (” (ja) |? (20) 


and solving p’(p), we obtain 


5 


0(p) _-- (21) 


p+ 2p? +2p4+1 
Since the input impedance faced by the generator resis- 
tance is given by 


we find 


9g? + 2 


s+] 


Zz - (23) 


> 
» 


+ 
° 
~- 


Finally, a continued-fraction expansion of Z’ about in- 
finity yields the lossless network terminated in a one- 
ohm resistance so that the realization of t’(p) is given 
in Fig. 15. Removing the effect of the predistortion then 
gives the network shown in Fig. 16. This completes 
the example. 
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Fig. 15 -— Realization of predistorted transmission coefficient 
given in Eq (19). (Values in ohms, henrys, farads.) 


Fig. 16— Uniformly dissipative network that realizes the 
specified transmission coefficient of Eq (18). 


Because of space limitations we will not give an 
example illustrating nonuniform predistortion, just as 
we will not give one for nonuniform reverse predistor- 
tion. The procedures are well outlined in the references. 
When the transfer function is merely the reciprocal of 
a polynomial and a lossless network is desired, the 
formulas of Geffe can be used. (8) However, Orchard 
makes the point (75) that direct calculation of the element 
values is simpler than using Geffe’s closed-form formulas. 
He works out in detail a problem of an equal-ripple 
ladder network that is non-uniformly dissipative and is 
terminated by a resistance at one end. Finally, when a 
resistance termination is required at each end, the Dar- 
lington technique, as clarified by Desoer, can be used. 
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Introducing the Microwave 
Portion of the Spectrum 


JOHN R. RIGGS 


Associate Editor 


IN MARCH OF THIS YEAR, our Science and Engineer- 
ing insert dealt with the fundamentals and tech- 
niques of infrared, that portion of the electro- 
magnetic spectrum which lies just above (from 
the wavelength standpoint) the visible range. Pro- 
ceeding up the wavelength chart, the next major 
section is the range of frequencies known as micro- 
waves. The fact that microwaves follow the infra- 
red in the spectrum is not to be taken as a reason 
for our presenting them in this order, however. 
No reason actually exists. Concentrated develop- 
ment in infrared techniques has occurred pri- 
marily in the last ten years. The tremendous up- 
surge in microwave engineering occurred about 
twenty years ago with the development of radar 
as an implement of war. The nature of microwave 
radiation was, of course, known many years prior 
to that time (the first microwave was discovered 
by Hertz in 1888), but the development in England 
in 1940 of the pulsed 10-cm magnetron was the 
practical beginning of radar. 

Since the end of the war, radar—or, more ac- 
curately, microwave techniques—has been applied 
to a number of applications which are not strictly 
related to its original purpose of detecting and 
tracking enemy aircraft. It is now in use in prac- 
tically every airport in the world as a means of 
controlling the safe approach and landing of planes. 
It is an invaluable aid in spotting and mapping 
weather disturbances. Marine navigation in in- 
clement weather has been considerably improved 
with the installation of radar systems on ships of 
all sizes. 


However, radar and all its ramifications are not 
the only uses of microwave techniques. In various 
other fields of communication and in laboratory 
and research work, the list of microwave applica- 
tions is continually growing. Microwave radio 
relay has proved to be one of the most efficient 
ways of transmitting information over the Bell 
System networks. Television signals and hundreds 
of simultaneous telephone conversations are beamed 
from tower to tower across the country on micro- 
wave carriers. Microwaves are also employed in 
the huge antennas used for radio astronomy and 
in tracking space vehicles. 

Microwaves provide a versatile tool for the elec- 
tronic engineer and the physicist in the exploration 
and exploitation of the molecular properties of 
materials. In the microwave region, many sub- 
stances exhibit distinct spectral lines which can 
be measured with high resolution and good pre- 
cision by microwave spectroscopy. Microwave 
radiation is also valuable in the investigation of 
the fundamental properties of materials in the 
solid state. The recent development of paramagnetic 
and parametric amplifiers (see “Low-Noise, Solid- 
State Microwave Amplifiers,” our Science and En- 
gineering insert in October 1959) has done much 
to improve the operation of microwave systems 
which operate at low noise levels, 
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Eleetrie Field 


The development of the principles of electromagnetic 
wave propagation starts with a consideration of static 
fields—electric and magnetic. The basic principles of elec- 
trostatics were discussed in an earlier article in this 
series. (/)* Several of the most significant laws and 
equations developed are reviewed below, using the same 
type of vector notation and rationalized m.k.s. units. 

If a point charge Q, is considered fixed in a uniform 
medium of permittivity « and a charge Q., is moved around 
it, the force per unit charge (newtons/coulomb) or the 
field intensity at a distance R will be cxpressed by the 
Faraday-Coulomb law 


F Os 
a” *"aoa™ 


where a, is a unit vector in the direction of R, and E is 
the electric field intensity (volts/ meter). 

The field intensity will vary with charge separation. The 
density of the lines in a field plot can be made proportional 
to the intensity of the electric field and are known as flux 
lines. The electric field density, D, has the same direction 
as the electric field E in a uniform medium and its magni- 
tude is proportional to the number of flux lines orthogonal 
to a unit area. Both quantities are related by 


D= E (1) 


(D has also been called electric induction, displacement 
flux density or displacement density). 
Gauss’s law states that the total displacement flux or 


* }talic gumerals in parentheses refer to Cited References at end of article. 
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MICROW AVES— 


THE UNDERSTANDING OF several underlying concepts is 
necessary before one begins the study of the mathematical 
equations which are the heart of electromagnetic wave 
behavior. First, in a high-frequency wave, the useful por- 
tion of the energy is propagated or stored primarily in the 
air or the particular dielectric medium. This is in direct 
contrast to the case of d-c or low-frequency waves, in 
which energy is propagated within metallic conductors and 
that portion of the energy which enters the surrounding 
dielectric medium represents a loss. In a high-frequency 
wave, the instantaneous values of voltage and current at 
any point cease to have the same significance they have 
in a conventional network. Instead, the magnitude and 
distribution of the electric and magnetic fields are the key 


Electromagnetic Waves 


electric flux through any closed surface surrounding 
charges is equal to the amount of charge inclosed therein 
In integral form, it may be stated as 

¢ D-da 


fi oat 


lume 


where p is the charge density (coulombs per meter*) in a 

volume and the right-hand side represents the total charge 

contained within the volume (dV volume element). 
The divergence of D is also equal to charge density 


vD p 


or 
v-E =- (2) 


Several additional interesting properties of the electro- 
static field should be noted. The potential difference or 
work done in moving a charge in an electrostatic field is 
independent of the path chosen. Mathematically, the line 
integral of the electrostatic field about any closed path is 
zero, 


SJE ds, 0 


where ds,, is a line segment normal to E. 

By Stokes’ theorem, the line integral of a vector func- 
tion around the periphery of a surface is equivalent to the 
integral of the curl of the vector function evaluated over 
the surface, or 
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Principles and Devices 


to the power transmitted and the impedance. The knowl- 
edge of field distributions is also necessary in the design 
of virtually all microwave devices 

Secondly, time variation is a major consideration, since 
the physical size of microwave circuit elements is equal to 
a significant portion of the length (A) of the wave (ap- 
proximately ‘40 to “0 of A). It is no longer possible to 
assume that the field configuration will remain uniform 
along the length of any passive circuit, nor is it proper to 
neglect the transit time of an electron in any active device. 
The “long-line effect” which occurs at 300 miles on a 
60-cycle power line, takes place within 1.8 in. at 6 * 10° 
cycles. At microwave frequencies, all of the usual circuit 
functions must be performed within some type of guided- 


f Eds, - fev x E)-da, 0 (3) 


Hence, 
vTxXE}=0 


or there is no curling of the electric field. Also, if a vector 
field is found to have no curl, that vector field is the 
gradient of some scalar field and 


E vV (4) 


where V is the familiar potential or voltage, with a nega- 
tive sign to be consistent with the charge of an electron 
By combining Eqs (2) and (4) we have 


| £ 
e 
or 
vt £ (5) 


e 


Equation (5) is known as Poisson's equation. In free space 
(p = 0), it yields Laplace’s equation for source-free 
regions, 


wh 0 


Magnetic Field 


The behavior of the magnetic field is analogous to that 
of the electric field in many ways. Consequently, for the 
sake of brevity, several basic concepts will be stated with- 
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wave structure or transmission line. Even simple mechan- 
ical connections, transitional devices, or moving joints must 
be treated as a portion of the electric circuit. 

Finally, there is a direct analogy between the mathe- 
matical equations applicable to wave propagation and those 
developed for classical transmission lines. The behavior of 
most guided-wave systems can be reduced to an equivalent 
network employing lumped and distributed parameters. 
Once a mechanical structure can be reduced to an equiva- 
lent network, all of the analytical techniques of circuit 
theory can be applied. Conversely, the performance of 
some devices, such as filters, can be predicted accurately 
from their network representation and then reduced in 
practice to an appropriate transmission-line structure. 


out complete explanation. These concepts have been proved 
experimentally and provide a proper foundation for the 
discussion of electromagnetic waves. The reader is referred 
to any standard textbook in this field (2) for a more 
detailed treatment. 

In the case of the electric field, no movement or time 
variation of charges was considered. However, if an elec- 
tric field is present in a conductor, the electric charge 
within the conducting material will flow in the general 
direction of the electric field. The flow rate of the charge 
with respect to time is known by definition as the electric 


current, /, in amperes (one coulomb per second equals 
one ampere). 
do 
/ . 
dl 


where Q is the total charge that has passed through the 
surface. When such a current flows in a conductor, a mag- 
netic field is produced. This field is analogous to the elec- 
tric field and its behavior can be described in terms of 
similar magnetic forces, flux lines and flux density. By 
experimentation, it has been shown that when current is 
flowing in a straight wire and a loop is placed near the 
wire, a voltage is induced in the loop. The volfage induced 
is proportional to the rate of change of the flux lines which 
are present with respect to time or 


Ap 


at (6) 


where @ is the magnetic flux in Webers. This is Faraday’s 
law of induction. The negative sign is used to indicate 


that, when the flux is increasing in the positive direction, 
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the induced voltage occurs in a clockwise direction, con- 
sistent with the right-hand coordinate system. Furthermore, 
the magnetic flux density may be conceived, just as in 
the case of electrostatic flux, as 


¢ = [B-da (7) 
surtace 

where B is the magnetic flux density in Webers/ meter. 
The magnetic flux density B is a vector since the orienta- 
tion of the test loop and the area of the loop will determine 
the flux through the loop. The direction of B is taken as 
normal to the plane of the loop when oriented to enclose 
maximum flux. 

It is found by measurement that B is proportional to the 
current for a homogeneous medium and, in the case of a 
wire, inversely proportional to the radial distance, r, from 
the wire. A constant called the permeability of the medium, 
#, also enters into the determination of B. Mathematically, 
it may be expressed as 


B= =! 
«tT 
H = 
atl 


where H wili be defined as the magnetic intensity and will 
depend upon the current and the geometry of the con- 
ductor. Combining the equations of B and H we get 


B= ,.H 


Since B is a vector quantity and yu is a constant, H is also 
a vector having the same direction as B, so: 


B = .H (8) 


where H is expressed in the units of ampere turns per 
meter. 

The magnetomotive force which exists between two 
points a and 4 may be defined as 


Pa f H-ds 


which is Ampere’s law. Extending Ampere’s law a step 
further, the magnetomotive force around any closed path 
is equal to the current enclosed by the path, or 


Sf H-ds I (9) 


In considering the electric field, it was stated that the 
work done by an external force in moving a unit positive 
charge from one point to another in an electric field is 
defined as the potential difference or V —f E+ ds. From 


Eq (6), V == — 4/0t, and combining these equations yields 
Sid ~~ (10) 
at 


Using Eq (7), we may write the right-hand side as 


_— f éB -da 
at 


surtace 


By Stokes’ theorem, the left-hand side of Eq (10) is 


fos x E)-da 


surtace 


or 


éB 
f ae 


surtace 


fo x E)-da 
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and 


oxs--@ (11) 
at 


which states that an electric field will have a curl in a 
region in which the magnetic field is changing with time. 

If we consider a magnetic field which is not changing 
with time, we have the case of magnetostatics. Experiments 
conducted under such conditions have shown that, in all 
cases, the summation of the magnetic field over every 
closed path is zero, or 


SB-da 0 


surtace 


This can be extended by the application of Gauss’s theorem 
to any volume to yield 


fB-da 


surtace 


fe Dde 


volume 


This closed surface relates the integral of divergence with- 
in any volume to the integral of the vector field strength 
over the surface enclosing that volume. Consequently, the 
magnetic field has no divergence under any circumstances, 
or 


vBe0O (12) 


Therefore, the lines of magnetic flux are continuous or 
there are in nature no “free” magnetic poles in which mag- 
netic flux lines begin or end. This is the salient difference 
between static and electric magnetic fields. 

In differential vector form, Ampere’s law, Eq (9), is 


vx J 


where J is current density. However, by taking the diverg- 
ence of each side, it can be seen that V * ° * H=0, so 
AeJ 0, which states that there must be a continuous 
flow of current. While this is true for many conditions, it 
is not necessarily true for all conditions. Actually, it may 
be shown that div J 9p/at, where p is the charge 
density. The case of a charging condenser applies well 

It has been shown in the case of the electric field that 


div D p (13) 
Differentiating with time, 


dp 


a 
hl D at 


and, since time and space are independent variables, 


0 aD 
af D diy al 
and 
fi aD dp 
_ at at 
Hence 
div éD : div J 
at 
or 
div (3 } or) 0 
at 
if [J +- (@D/41)] is considered the total current density, 


then the divergence of the total current density must be 
zero and Ampere’s law may be written for the general 
case as 


ELECTRICAL MANUFACTURING 








AUGUST 1960 


° XH (3 a) (4) 


Since Maxwell first observed the error in Ampere’s law, 
the equation is known as the first of Maxwell's equations. 
Equation (11) is known as the second of Maxwell's 
equations 

The total current density actually consists of two com- 
ponents, a conduction current density J, and a displace- 
ment current density J,. The conduction current corre- 
sponds to the flow of charge and is accompanied by re- 
sistive losses in a conductor with a finite conductivity of 
ao (mhos/ meter). It can be shown that the current density 
at any point in the conductor is proportional to the elec- 
tric field at that point and in the same direction, or 


J oE (15) 


The displacement current density is a measure of the 
energy transferred through a lossless dielectric medium by 
a varying electric field, such as that in a vacuum capaci- 
tor. The time rate of change of the electric flux through 
any surface is equal to the displacement current 


aD 


a J, (16) 


and the magnetic field produced is directly proportional to 
it. Both currents are indistinguishable as far as magnetic 
field effects are concerned; however, there are no dissipative 
losses for the latter. Displacement currents must be taken 
into account for any time-varying system to preserve the 
continuity of current. Accordingly, Maxwell's first equa- 
tion will often be expressed in the following form in pref- 
erence to that of Eq (14) 


v XB = oB + . (17) 


Maxwell Field Equations 


Ihe fundamental field equations of electromagnetic 
theory are summarized in the first column of Table L 
These four Maxwell equations include all the relationships 
of electrostatics, magnetostatics and electromagnetism ex- 
cept those related to mechanical forces. The only restric- 
tion on their application is that the medium be homogene- 
ous and isotropic—i.e., that «, » and o are constant over the 
region in question and have the same properties in all 
directions 

The yeneral case shown in the first column can be 
simplified for the special cases shown in the other three 
columns, The static case does not have any change with 
respect to time. As there is no current flow (i.e., move- 
ment of charge), the electrostatic and magnetostatic fields 
are completely independent of each other. In the steady- 
state case, a direct current exists and the time derivatives 
of the electric and magnetic induction are both zero. This 
can be extended to low-frequency or quasi-steady-state 
conditions by using the genera! case, and neglecting the 
displacement current (8D/01) except in capacitors. The 
magnetic field, both inside and outside the conductor, is 
calculated as though it were produced only by the con- 
duction current. This is substantially correct for low-fre- 
quency applications where the displacement current in a 
conductor is negligible in comparison to the conduction 
current. 

The free-space single-frequency case covers propagation 
in an ideal dielectric medium in which the conduction 
current is zero and does not contain charges. It is the most 
useful form for obtaining the propagation characteristics 
of transmission-line structures. 

Table II relates the vector and differential forms of 
Maxwell's equations in rectangular, cylindrical and spheri- 
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Table |— Maxwell's Field Equations 
For Several Cases 
Static Steady Free-space 
General case case state 


single-frequency 


1 ivx mea sex mov xH=3 VX H = jk 


ot 
. 0B a 
Il vxE VxXE=j/0V XE=07 XE= —josH 
ot 
Ill VD=p vVD=,))\97-D=0 vVD=0 
IV vB 0 V-B=0;9-B 0 V-B=0 








cal coordinate systems. As will be seen later, these are 
very convenient in the analysis of boundary conditions 
for simple geometric shapes. 


Plane Wave Propagation 


Non-Conducting Medium. Maxwell's equations relate 
the variation of electric and magnetic field intensities as a 
function of both space and time. The actual propagation 
of such electromagnetic energy in any medium can best 
be analyzed in terms of wave motion or wave equations. 
Consider first the propagation in a perfect dielectric such 
as a vacuum which is homogeneous, isotropic and linear 
(i.e., « and » have no space or time derivatives). There is 
no loss or energy dissipation in such a medium and the 
conduction current density (J,) is zero. Maxwell's equation 
can then be reduced to the following set of wave equations 
(see Appendix I for derivation): 


°E 
/ = ne 
Vv ar 
> (18) 
YH 
‘on = : 
Vv ve 


If we confine our attention to propagation of the elec- 
tric field only in the x direction, Ec 's) reduces to: 
#E #E 


ac at 


The general solution of this differential equation is of the 
form 


E, = hi (z —_ tol) a te (z - Del) 


where v 1/\/we and f, and f, are any function of 
(x—v ot) and (x-+ vot), respectively. The function f, 
represents a wave traveling with a velocity v, in the posi- 
tive direction of x, whereas f, represents a wave with a 
velocity v, traveling in the negative direction of x. It is 
seen, therefore, that the general solution of the wave equa- 
tion is composed of two waves; one traveling away from 
the source and the other back toward the source. If no 
boundary exists which would cause reflections, 


E, = fi (t — wo) 


Since in practice most generators produce voltages and 
currents whose amplitudes vary sinusoidally with time, 
such variation must also be included in the wave equation: 


E = Ee’ or E = KE (cos of + j sin wl) 
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Table ll-- Vector vs Differential Representation 


Vector form Rectangular coordinates Cylindrical coordinates 
aD 0H 9H 9D 1 dH 0H aD, 
vx 8 =— +3 -—-—ta yl + — ——! <8 wy + — 
ot oy Oz i ot r &@ oz ot 
oH, oH, aD, oH, oH, aD, 
; te ‘a I,% 
oz ax . ot Oz or ° ot 
0H 6H aD zt. 1 dH, aD 
—e —=J + - ——(rH.) J,% 
Ox oy " ot r or r 0 or 
vxB=-- 0B dE, aE, OB, 102, aE, aR. 
ot oy oz ot r 0 oz ot 
dE, OE, OB, dE, dE, OB, 
Oz Ox ot Oz or ot 
OE, dE, OB, 1 @ * 1 dE, OB, 
= (rE, 
Ox oy art r é@r r 0¢@ at 
v-D = ; 
, aD, , aD, , aD, 1 @ 18D. , oD, 
. Tr T Pp (rD,) + t s 
ax av oz r Or r Oz 
v 0 P 
B aB, aB aB, 1a 1 oB, aB, 
4 4 0 rB. 4 i 0 
ox doy oz r a r ID iz 
The angular velocity (#) is expressed in radians/second [he velocity v, of the traveling wave is »/8. This is 
and is simply equal to 27 times the frequency. Also, evident by noting that the wave will have a maximum when 
wt — Bx==0, or odd multiples of . Again, one wave is 
dE ond FE E traveling in the +-x and the other in the x direction 
it at The phase shift constant 8 is a measure of phase shift in 
f 
Th b radians per unit length. From the fundamental relation 
> wave equatio come 
e wave equations now become ship 1 \f and since 1 w/B 
VE = — wk ; 
(19) p =— (23) 
v'H 2 eH \ 
Similarly, with variation only in the x direction, Eq (19) If a wave is traveling in a medium which is unbounded 
may be written and no discontinuities are present which would cause 
reflections, the wave is called a plane wave. Futhermore, 
E E if its amplitude is constant, it is a uniform plane wave 
ar? ve Consider the plane-wave equation 
The general solution for E, is: #E "rE 
or ae 


E, = Be-* vee + Eevee 


on (20) If there are no free charges 
E, = Ee ** + Eye : 


where v-E dk, \ al ‘ 7 0 
oz ’ ? 
8 wy me (21) 

‘ a : ‘ : 7 Since E is independent of y and z 
To show the time variation where E, E,,e’“' and E, 
E,,e/#*, Eq (20) becomes ak 

— 0 
E, = Enei(+t-#2) + Eyei (atts: (22) or 
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Spherical coordinates 


a dH aD, 
' (Hy sin 0) | s, 7 


rsin@| 0 OD 
L 


ia om aDe 
| -— a) | Jy 4 
r sin? de ar ot 


| 0 (He) wi J. 4 aD, 
r or oe . ot 


1 1 d&, } OB 
(rE, - 
ri sin@® de or ot 
1 ’ OE, OB 
[ r Ee | $ 
r if a art 
1~a@ } 1 aD 
’D i De sin 6) + = p 
ear resin é@ 2 reine dé 
l 1 1 1B 
i Bas 0 
rs , $1 , 


or there is no variation of E, in the. x direction. The same 
condition exists for HW. Therefore, uniform plane waves are 
transverse and have components of E and H only in direc- 
tions perpendicular to the direction of propagation. By 
mathematical manipulation of curl E and curl H under the 


above conditions, the following relations may be deter- 
mined between E and H: 

; e e 

ii, \ I or H \ E. 

bs oe 

and 
Ek rr 
(24) 


where E and H are the total electric and magnetic in- 
tensities, respectively, The ratio \/u/« is commonly re- 
ferred to as the intrinsic impedance » of the medium. For 
free space the intrinsic impedance is 377 ohms. There is 
a direct analogy to circuit impedance (Z) as EF is related 
to the applied voltage (V) and H is related to the resultant 
current (/) in any device. 

Power Flow and the Poynting Vector. As an electromag- 
netic wave propagates, it transfers energy from one point 
to another. A relationship can be developed between the 
rate of the energy transfer and the amplitudes of the elec- 
tric and magnetic intensities of the wave. 

Consider a region of space which contains a perfect 
dielectric, ie., o == 0. The rate at which electromagnetic 
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energy flows out of this region is found by integrating the 
power (P) flowing through the area of the surface enclos- 
ing the region, or outward flow of power (or rate at which 
energy is radiated) 


f P-da 


surtace 


The amount of energy stored in the electric field is 


Us = fa-rav 


volume 


and that stored by the magnetic field is 


I 
ly é 


(.H-H dV 


The rate at which the energy diminishes is the negative of 
the time rate of change of energy stored in the volume, or 


u = (Us + Us) 
a 
" : . { (uH-H + B-B) dl 


volume 


Performing the indicated partial differentiation and sub- 
stituting Maxwell's equations, it can be shown that: 


uu [c (E x H) dt 


From the divergence theorem, which states that 


[v-(E x ED dV = ¢(@ x B)-de 
° surtace 
WW S(E < H)-da = ¢P-da (25) 


This is the same as saying that the rate of decrease of 
electromagnetic field energy is equal to the rate at which 
energy is radiated. 

From Eq (25), 


P=EXH8H 


(26) 


The vector P is known as the Poynting vector. It should 
be noted that Eq (26) expresses the flow of electromag- 
netic energy in either a conducting or non-conducting 
region and that the direction of flow is perpendicular to 
the plane containing E and H in the direction of the vector 
E * H as shown in Fig 1. In accordance with standard 
vector notation, P is in the direction a right-hand screw 
would advance if E, coinciding with the slot in the screw, 
were turned into H. If the direction of either E or H is 
reversed, the direction of the energy is reversed. 

In the more general case, when o #0, some energy will 
be dissipated in heat loss. It is then necessary to add a term 
for the rate at which energy is being dissipated to the right 
side of Eq (25). 

For fields varying sinusoidally with time, the average 
power flowing across any area must be integrated over 
one period. 


7 
P=+f) x Bd 27) 
2nJ, 
where 
E E, [cos (wl — ¢,) 4+ J sin (wl — ¢)! 
H = H, [cos (wl — ¢:) + j sin (wf — ¢2)] 











Fig ] Space reiationships of the Poynting vector 


Only the real part of E and H contribute to average power, 
and Eq (27) yields 


p E : My os (¢ - de) I ie E, < Hy) ¢ 


If we introduce H* as the complex conjugate of H, the 
average power becomes 


The phase angle (4, — ¢.) is usually zero for the forms of 
electromagnetic fields of interest, in which case there is no 
complex conjugate of H, and 


P = Re [E, X B (28) 


This power-flow vector can be resolved in a coordinate 
system convenient to the particular geometry of the region 
to be investigated. 

Conducting Medium. In the previous case of free-space 
propagation, the conduction current density J. was con- 
sidered to be zero. However, if conduction currents do 
exist, such as in a metal or an imperfect dielectric, a more 
general soluton must be obtained for the wave equations 
As derived in Appendix I, these are 


VE = yE 
(29) 
vH = ~H 
where 
Y jos (Jwe + o) jupo — wpe (30) 


Note that if « = 0, Eq (29) becomes identical to Eq (19). 

The constant y is known as the propagation constant 
for the wave and is complex (y a -+- jB). The wave 
equation for E with the variation in the x direction now 
becomes 


FE 
— = 7 
or 
and its solution is 
E E.e 


Using the solution with a minus sign 


E = Ec” E,e-(** #2 
and for 

E E,,e /*! 

E = Eye ci(+t-s 


The wave is traveling with a velocity of #/f and its mag- 
nitude is also being attenuated by a factor e-@*. The con- 


96 






stant a is Known as the attenuation factor of the wave and 
is expressed as the natural logarithmic ratio (nepers) per 
unit length (meters). The decibel is the common engineer- 
ing unit of attenuation and one neper is equivalent to 
0.1151 decibels 

Equation (30) may be rewritten 


mY (1 < ) (31) 


which provides a better comparison as to what constitutes 
a “good” conductor or “good” dielectric at microwave 
Actually, the term o/jwe is the ratio of the 


conduction current to the displacement current 


trequencies 
For good 
conductors, such as metals, owe is very much greater than 
unity and, inversely, for good dielectrics, ¢ 
less than unity 

The intrinsic impedance of the medium has been shown 
to be \/u. Similarly, it may be shown that the intrinsic 
impedance of the conducting material is 


«is very much 


_ C : (32) 
vi() ) 


Therefore, in a conducting material, there ts difference 
in phase as well as in magnitude between E and H, since 
Furthermore, the electric field leads the 


magnetic field in time phase 


is complex 


In the case of a conductor such metal, 


(ao /we 1), and 


200d 


Also 


Therefore 


and the velocity of the wave in the conductor its 


Vi 


Therefore, in good metallic conductors where o 1s large, 
the wave is attenuated and undergoes a large phase shift 
in a short distance. On the other hand, the velocity of the 
wave is very small 

Since current density in a conductor is proportional to 
E, a similar wave equation may be written as for J, namely 


J Jie 


For good conductors, from Eq (34) 


" l j 
Y V «iyo ( 1 +) 
where 
I . 
5 (35) 
Vv rfuo 
and the current density varies as J,e¢ 7” e Therefore 


at the highest frequencies, most of the current is concen- 
trated in a thin region near the surface of the conductor. 
The term 6 is called the depth of penetration, or skin 
depth, and is defined as that depth in which the wave has 
been attenuated to 1/e or approximately 37 per cent of 
its original value. This may be applied to conductors of 
many shapes, provided the curvature of the surface of the 
conductor is large campared with the depth of penetration 
Equation (33) can be rewritten 
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a4 ay) a+/)R, 


yielding a new term, R,, which is defined as the surface 
resistivity or the effective resistance at high frequencies 
per square of a plane conductor of several skin depths. 

In the case of imperfect dielectrics, materials with finite 
conductivity, the displacement and conduction currents 
may not be neglected. Therefore from Eq (32) we obtain 


& (1 +e) 
Jwe 


€ to (¢' — je’) 


or 


where «, is the permittivity of free space, e’ is the familiar 
dielectric constant or relative permittivity of the material, 
and «” is the loss factor. The ratio of «’/¢ is the ratio of 
conduction current to displacement current and is usually 
called the dissipation factor of the material. Hence, 

‘ 


tan @ 
‘ 


However, for small values of «"/«’ (good dielectrics), 


tan @ sin @ 


and by definition 
sin } power factor (Fp) 


Hence, for values of «”/«’ of 0.10 or less, the ratio is called 
the power factor of the dielectric and is equal to the dis- 
sipation factor with an error introduced of less than one 
per cent. Dielectric power factors range from the order 
of 0.0003 for polyethylene to 0.05 for phenolic products. 

If we consider wave propagation in good dielectrics 
1), from Eq (31) it can be shown that 


(aa 


and 


3 1 . ) 
er Bute 


the velocity of the wave is 


23: ! 
8 ( tad ) 
Vim ll + ge 


Therefore, the factor o/we or a small amount of loss tends 
to increase the phase shift of the wave and decrease the 
velocity. The intrinsic impedance of the wave would be 


” . @ /*(1 ; i.) oo 
\ (1 ” “) 


which shows that a small amount of loss adds a small reac- 
tive component to the impedance. 

Behavior at Boundaries. In the differential form, the 
electromagnetic field equations describe the behavior of 
the electromagnetic wave at any point within a continuous 
medium. However, in nature, waves encounter different 
media during their propagation and the behavior at these 
boundaries must be considered. The establishment of suit- 
able boundary conditions is also necessary in the late 
development of guided propagation. Such boundaries may 
be formed either by two dielectrics, two conductors or a 
dielectric and a conductor. 

The integral form of Faraday’s law from which Max- 
well’s second equation is derived is [compare this with 
Eq (3)] 
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Fig. 2—Behavior of the electromagnetic fields at boundaries 


f$E-ds, = —f ~ da, (37) 


Consider a path taken around a rectangle with two infi- 
nitesimally small sides and a length of As as shown in Fig. 
2a. The line integral of the electric field, the left side of 
Eq (37), is 


$E-ds, = (Ey, — E,) As 


However, the right side of Eq (37) is zero since the width 
of the rectangle is infinitesimal and includes no area, and 
B is always finite. Therefore 


(E,, — E,,) As = 0 
or 
E, = E, 


Thus the tangential components of the electric field at a 
boundary of any two materials are equal and hence 
continuous. 

The integral form of Maxwell's first equation is 


$H-ds = (3. +%) da, 
surface at 
Similarly, the line integral of the magnetic field around 
this infinitesimal rectangular path will include no area 
and, provided that J and 9D/ 41 are finite, 


H,,= Hy 


Hence, the tangential components of the magnetic field at 
a boundary are also equal and continuous. 

For conductors at very high frequencies, the current 
flows in a thin sheet at the surface of the conductors. The 
depth of this current sheet approaches zero as the con- 
ductivity approaches infinity. If we again consider a small 
rectangle whose width is such that it includes effectively 
all the surface current J,, then 


(H,, — H,.) da = J, da 
and 


Hi, — Hy, = J. 


where J, is the component of the current flowing along the 
conducting boundary normal to the direction of H, ex- 
pressed in amperes per meter. 

The integral form of the third field equation is 


£D-da -feav 


surface 
volume 


As the “pill-box” of Fig. 2b is “squeezed” together, we 
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have (Dy, _ D,,) da = p, da 
and 
Dy, - Da, — Oo 


This shows that the normal component of the displacement 
flux density is discontinuous across a charged surface by 
the amount of the surface charge density, p,. For a charge- 


free surface 


dD, dD, 


1 





and the normal components are continuous. 
In the case of magnetic flux density B, there are no 
isolated magnetic charges and 


By, = Ba, 


Guided Prepagation 


In the previous sections, only uniform plane waves prop- 
agating in a homogeneous boundless medium were con- 
sidered. Such waves propagate with equal velocities in all 
directions, typical of the radiation from an antenna some 
distance away. In many instances, however, propagation 
of an electromagnetic wave is desired not only in one 
direction, but also confined to prevent the loss of energy. 
Such waves may be guided along or within a conducting 
or dielectric surface, as in a transmission line or a wave- 
guide. Transmission lines are composed of at least two 
conductors. Examples are the coaxial line or the parallel- 
wire line so popular for television receiver antennas 
Waveguides are single-conductor devices consisting, for 
example, of a hollow circular cylinder or tube. There are 
two distinct methods which may be applied to obtaining 
the characteristics of such transmission lines. These are 
(1) by considering the transmission line as a boundary- 
value problem in general electromagnetic wave theory, or 
(2) by establishing the equivalent circuit of the transmis- 
sion line and applying general network theory. The first 
method is considerably more cumbersome and finds only 
limited application. It also requires a knowledge of funda- 
mental constants such as yp, «, and oa, which are difficult to 
measure directly. The network approach overcomes these 
difficulties and can be shown to be analogous to wave 
theory. This is the familiar method of representing a trans- 
mission line as an equivalent distributed-constant network 
as shown in Fig. 3. 

Consider an incremental series impedance of Z R 
jol and shunt admittance of Y —= G + jeC. 

By using Kirchhoff's laws and allowing the length of the 
element to approach zero, the familiar first-order differen- 


tial equations of a transmission line are obtained 
av 
az 


—(R + jel) I 


al 


az 


— (G + jo) V 


‘ 


Differentiating and combining yields 


eV ; 

4 : 7 | 

or 

Fl 
yl 

az" 

+ /. 
1 2 i a Z 





| | 
a, 


Fig. 3— Representation of a transmission line as an equivalent 
distributed-constant network. 
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where y? = (R + jl.) (G + jl) (38) 


and the solution of these equations in hyperbolic function 
form are 


J 41, cosh yz 4+ B, sinh yz 
I 4, cosh yz + B, sinh yz 


Thus the voltage or current at any place along the line is 
the sum of two waves, one traveling in the positive z direc- 
tion and the other in the negative z direction. The constants 
of the equations may be evaluated by applying the known 
condition at the receiving and sending ends of the trans- 
mission line, namely 


at z=0 V Ve I In 
at z=u/ V Vs I Is 


From Fig. 4 it is seen that the point z == 0 is taken as the 
reference point for convenience and the sending end is in 
the —z direction; i.e., all distances are measured from the 
receiving end with a negative sign. 

From the hyperbolic functions above, the equations for 
V. and /, are: 


Vs = Vecosh yl + Z, Ie sinh yl ) 
1 (39) 
Is = Ip cosh yl 4 z, sinh of 


where 


IR + jolk. 


le GS jet “ 


and is called the characteristic impedance of the transmis 
sion line. Equations (39) express the input voltage (V.) 
and current (/,) at any distance / measured from the 
receiving end. The input impedance of the transmission 
line is 


. I Ve cosh >! + 7_ 1p sinh > 


/ (41) 


Ile cosh { inh >/ 


Z 
If we now examine Eq (29), we see that its solution ts 
very similar to the solution of the transmission line equa 
tions, or 


k 41, cosh yz 
H 1, cosh yz 


B, sinh yz 


By sink yz 





Pentre nmap ni 


Fig. 4—Transmission line with load impedance 
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By utilizing the boundary conditions as above, 


Es = Eg cosh yl + 9 He sinh yl 


He = He ech ol + a sinh yi 


where the characteristic impedance or intrinsic impedance 
of the medium is 
Es / Jw 
> ae “V o + jue (2) 

The close analogy of these equations may be made more 
obvious if we consider (Fig. 5) a uniform plane wave 
propagating in medium 1 and impinging normally upon 
medium 2. Its analog is a transmission line of impedance 
Z,, which is terminated in a second transmission line of 
different characteristic impedance Z,,. In the example Ez, 
and V»,, Eg, and Vxg., Hg, and Ip,, Hg, and J,,, 4, and Z,,, 
and », and Z,, are all analogous. The relationships which 
exist while the wave is propagating in medium 1 are the 
same for the wave propagating in transmission line 1. The 
boundary conditions are also similar. The current at the 
junction must be continuous, as must the tangential com- 
ponents of the magnetic field. The voltages at the boundary 
must be equal, as are the tangential components of the 
electric field. 

Since V, IZ», Ze being the terminating impedance 
of the line, Eq (41) may be written 


tin = 6 ( Qecch sl + 2a ah cs) 
and in exponential form 
a (} >) iF 
Ze. = Z| — 22 t Zl] © (4) 


ee! -(F a) 
Zr+Ze 

The characteristic impedance of a line has been defined 
in Eq (40) and its value, a function of constants R, L, C 
and G, depends upon the geometry of the line. Further- 
more, the value of the characteristic impedance is not a 
function of the length of the line. Certain special cases 
may be of interest. (a) The line may be terminated in its 
characteristic impedance; that is, Z, Z,. From Eq (44), 
it is obvious that the input impedance is equal to the 
characteristic impedance of the line. Another observation 
to be made is that this condition is not dependent upon 
the length of the line. (+) If the line is short circuited, 
Ze 0, and 


Lie Z, tanh »/ (45) 
(c) If the line is open circuited, Z, 2, and 
Zis Z, coth yl (46) 


In the last two cases, the input impedance does vary with 
length. 

The terminating impedance has a major effect on the 
voltage and current distributions of a transmission line. 
Equation (39), in exponential form, is 


ae Va (Zr + Z) at (F “a ae 
’ 2Ze "\ Zn +Z, 


In examining this equation, it is observed that, for Z,*Z,, 
two waves are present, the incident wave (e’') and the 
reflected wave (e~’'), since / is measured positively toward 
the sending end of the line. Consequently, when a line is 
terminated in other than its characteristic impedance, re- 
flections occur, changing the voltage and current distribu- 
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Fig. 5—Analogy of boundary conditions between two different 
media and between two transmission lines. 


tion. The resultant voltage at any point is the sum of the 
incident and reflected voltage. The distributions are also 
affected by the value of (Z,—Z,)/(Zz+Z,), which is 
defined as the reflection coefficient of the line at the 
receiving end, or 


Ze — Z 
°" hth 7 


In general, p is a complex quantity having both a magni- 
tude and an angle and their values depend upon the 
complex magnitudes of Zz and Z,. 

Another important parameter is the standing wave ratio, 
SWR, which is defined as the ratio of the maximum to 
the minimum magnitudes of voltage or current on a line. 


—_- 





(b) 





(d) 


Fig. 6—Voltage and current distributions for different termi- 
nating impedances. 
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That is, 


Vnax Tax 
Ss = = 


Vesin lets 


and in terms of the reflection coefficient, 
4 
S= sant 48) 
i ( 


Since the value of p cannot exceed unity, the minimum 
value of S is unity. Furthermore, S is a scalar quantity. 
The standing-wave ratio is one of the most useful and 
easy-to-measure parameters in transmission lines. It may 
be seen that a voltage maximum and a current minimum 
occur at the same point on the line. 

The voltage and current distributions with different 
terminating impedances are illustrated in Fig. 6, assuming 
that the attenuation of the line can be neglected. it is 
observed that, for other than Z, Z,, reflections occur 
which form standing waves. In the cases of the short- 
circuited line (Z, = 0) and the open-circuited line 
(Zp = «), no power is delivered to the load since all the 
energy is reflected back to the generator. In the case 
where Z, = Z,, all the power is delivered to the load and 
the line is considered to be infinite whereas, when Z, has 
a value other than above, only a fraction of the generator 
power is delivered to the load. 

The ratio of the power available to that delivered to 
the load can be obtained directly from the SWR. 
power available from generator _ oa (: ~ 1} = 4S (49) 

power delivered to load S+1 (S +1) 

The special case of the low-loss transmission line should 
be considered because, at ultrahigh frequencies, such lines 
are physically realizable. Sections of line are also used 
as circuit elements. By definition, a low-loss line is one 
in which 


R<<wh and G<<wl 


Equations (38) and (40) become 


Y=jev LC (50) 


; L . 
Zs -/t 51) 


which is a pure resistance. Since 


and 


yrat js 
8 o/ LC 


The assumption has been made that a is zero. This may 
seem strange, since R increases with frequency due to 
skin effect. However, since the line sections considered 
as circuit elements are only a few wavelengths long, the 
assumption holds. For longer lines, in which a may not 
be assumed negligible, Eq (38) may be rearranged to yield 


= R G 
= ) aa; + -. + 
4 j@ v L V(: jel ) (1 at) 


which can be solved for a to obtain 


1fR 
a =°9 ( Zz Tv GZ) (52 


If a = 0, the input impedance of the line from Eq (43) 
becomes 


a Ze cos pl ter) * 

fn= & (= pl + j Ze sin pl (53) 
For a short-circuited line, Z, 0, so that 

Zing = j Z tan Bl (54) 
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For an open-circuited line, Zp == », so that 
Zin = —j Zo cot Bl (55) 


The variation of the input impedance of a low-loss line as 
a function of length for the short- and open-circuited line 
is illustrated in Fig. 7. 

It can be seen that, for a shorted line whose length is 
4/4 or less, the input impedance will be inductive; where- 
as for the open-circuited line, the input impedance is 
capacitive. In each case the input impedance of a resonant 
line varies periodically from zero to infinity—the behavior 
of the short-circuit and open-circuit line differing only 
by 4/4 in length. Such lines find large usage as impedance- 
matching stubs and transformers and may also be used 
as resonant tuning circuits. The short-circuited line is used 
almost exclusively because of its physical simplicity. A 
short at the end of a line is much easier to maneuver and 
fabricate than an open-circuited line. End effects and 
radiation which might be present in open lines are elim- 
inated. 

To show the application of a simple matching stub, let 
us consider a transmission line terminated in a resistive 
impedance other than its characteristic impedance. Be- 
cause of the mismatch, reflections will occur and standing 
waves will appear. Between zero and \/4 away from the 
load, the input impedance will be R X, where R,, == Zp. 
The reactive component may be tuned out at a single 
frequency by means of an equal and opposite reactance 
By attaching a shorted line at this point, a reactance may 
be obtained which will be of opposite sign and in parallel 
with the reactance of the line. Consequently, cancellation 
of the reactive component is achieved and the line appears 
properly terminated from the generator to this point (see 
Fig. 8). Other applications of resonant line sections will be 
illustrated in connection with other typical microwave 
components. 


inductive 
reoctonce 





Copacitive 
reoctonce 


ne 
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Fig. 7—Variation of input impedance of a low-loss line as a 
function of length for open- and short-circuited lines 
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so to tuning stub 






Fig. 8—Cancellation of reflected waves by application of a 
matching stub. 
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Twe-Conductor Transmission Lines 


Propagation in two-conductor transmission lines takes 
place in a manner analogous to a plane wave between two 
infinite conducting planes. (This will be described later in 
a discussion of modes in waveguides.) Two-conductor lines 
occur in many geometrical forms, the most common of 
which is the coaxial line illustrated in Fig. 9. It consists 
of an outer tubular conductor completely surrounding a 
concentric inner conductor. In the dielectric region be- 
tween the conductors, only two significant field compon- 
ents are present: a uniform radial electric field (E,) and 
a constant concentric magnetic field (#/,). The significant 
parameters (Z, and y) can be obtained from the formal 
solution of Maxwell's field equations in cylindrical co- 
ordinates. However, for the coaxial structure, the trans- 
mission-line equations can also be obtained directly from 
its physical dimensions. As previously shown, it is neces- 
sary to establish the distributed parameters R, L, C and G 
per unit length. 

All of the useful energy propagates in the dielectric 
medium between the conductors. The dielectric may be 
a solid material, semi-solid, or gaseous with a relative 
dielectric constant or permitivity of «,. In the case of a 
line with disk dielectric spacers, the effective dielectric 
constant («’,) can be computed from: 


ee @=1+¢ 1) 
’ 


where f is the thickness, s is the center-to-center distance 
and «, the dielectric constant of the spacers. This expres- 
sion applies only when s is small with respect to the 
wavelength. 

Assuming a -+-q charge on the inner conductor and —q 
charge on the outer conductor, the field intensity at a 
point P in the line is 


E = 4 


2rre 


and the potential difference, V, is 


which is 
pk D 
J = In d 
The capacitance of the line is 
ill 2re 5 ‘ 
( \ D farads /meter 
a 
or 
C =«-- oe pf /ft (56) 
logie 


a 


If the inner conductor is stranded, its diameter (d) 
should be multiplied by a correction factor which varies 
from 0.939 to 0.988, depending on the number of strands. 


The inductance per unit length of a coaxial line may be 
written 


L = 0.1404 logy uh /ft (57) 


D 
d 


Since a longitudinal current must flow for a finite con- 
ductor resistance, the conductors are surrounded by a 


AUGUST 1960 


oo 
So 
OO 


> 
oe 

a 

a 


x 





Fig. 9—Cross-section of a coaxial line. 


magnetic flux. Because of skin effect, the current flows 
on the outer surface of the inner conductor and the inner 
surface of the outer conductor and flux linkages due to 
internal conductor flux can be neglected. 

If the line is considered to be low-loss as previously 
defined, then Z, = \/L/C, and the characteristic im- 
pedance of the coaxial line is simply 


4 38 D 
Zo = = logic 


ohms (58) 
Vv & d 


Consequently, the propagation constant y reduces to 


B=e0VJVIC 
and the velocity of propagation 


» tienen (59) 
Vv LO 


In the coaxial line, the velocity of the wave is reduced 
since the wave is propagating in a medium whose dielec- 
tric constant is greater than unity. The velocity of propa- 
gation in a coaxial line is therefore 


_ 3X 10 


vp ; 
Ve 


meters /sec 
Or, as a percentage of the free-space velocity of propa- 
gation, 


100 
Vv «& 


% = per cent (60) 

Even though the assumption has been made that a = 0, 
Eq (52) shows that there is some attenuation, and an 
expression for a may be written without disturbing the 
expressions for 8 and v, developed above. Consequently, 


a= ! ( Ry G a») nepers /unit length 
2\% 


The conductance of a coaxial line may be calculated 
from 


G = 2xfC tan ¢ ~ 2xfCF, 


where F, is the power factor. For the majority of coaxial 
lines, the dielectrics used are such that the dissipation 
factor (tan ¢) equals the power factor (sin ¢) within 
one per cent. 

The conductors may also take different forms. They may 
be solid, stranded, braided or corrugated. The total a-c 
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Fig. 10—Variation of attenuation (a) of a coaxial line with 
D/d ratio of the line. 
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Fig. 11—Variation of normalized maximum field intensity 
with respect to D/d ratio of the line 








Table l!i— Other Types of Two-Conductor 
Transmission Lines 
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series resistance (R) of both of the conductors of the line 
is 


R= Vy z ( + + 5 ) ohms / meter 


For copper conductors, the total a-c resistance may be 
further simplified to 


R=0.) ( = + At ee) V Ime Ab /100 ft (61) 
where K, allows for the effect of stranding of the inner 
conductor and is approximately 1.3. The constant K, 
corrects for the effect of braiding in the outer conductor. 
It is a function of the diameter of the braid and varies 
from 2.0 for a %-in. diam to approximately 5.0 for a 1.5- 
in. diam over dielectric. The constant K, is a function of 
the plating material used on the outer conductor if it is 
other than copper. For a 2-mil plating of tin on copper, 
K, is 1.32 at 200 me and 2.92 at 3000 mc. On cables 
utilizing aluminum-sheathed outer conductors, K, is the 
square root of the relative resistivity of aluminum, or 
\V/ 1.64 1.28. 

The attenuation of a coaxial line is determined from 
the following equation 


+34 


R + 2.78 V «JS (tan ¢) db/100 ft (62) 
7s 


where the first term represents the attenuation due to the 
conductor losses and the second is the attenuation due to 
the dielectric. It should be noted that the dielectric losses 
are not dependent upon the geometry of the line 

A plot of attenuation vs D/d is given in Fig. 10. The 
minimum attenuation occurs at D/d 3.6. The minimum 
is relatively broad, indicating that the choice of dimen- 
sions required to produce minimum attenuation is not too 
critical. 

Another factor to be considered in designing and using 
coaxial lines is their ability to handle high voltages. They 
must be designed to have minimum voltage gradients. The 
maximum value of field intensity occurs at the inner con- 
ductor and is expressed by 

° 


wes 2 


olts 63 
dis Da *O""™ (63) 


The variation of maximum field intensity normalized as to 
V with respect to D/d is shown in Fig. 11. The minimum 
occurs at a value of D/d 2.718 

The sizes of rigid, air-dielectric lines and flexible, solid- 
dielectric cables have been standardized to have imped- 
ances of 50 or 75 ohms. The average power capability is 
limited by the maximum temperature that the dielectric 
or conductor can safely withstand. Heat is generated due 
to ohmic and dielectric losses throughout the structure 
and the rate at which it is dissipated depends on the size, 
the thermal properties of the materials, and the ambient 
conditions. Cited Reference (3) is a good summary of 
physical and electrical data on all types of coaxial lines 
and cables. Table III] summarizes the configurations of 
other common, two-conductor transmission lines 


Rectangular Waveguides 


The energy of a wave can also be guided within a die- 
lectric surrounded by a hollow metallic tube. If the 
dimensions and configurations of the tube are chosen 
properly with respect to the wavelength, the wave will be 
propagated. Hence the term waveguide. Consider a wave- 
guide with a rectangular cross section as shown in Fig. 12 
For walls with perfect conductivity, the tangential com- 
ponent of the electric field and the normal component of 
the magnetic field vanish at the walls. Furthermore, assum- 
ing that the time variation of the applied energy is 


ELECTRICAL 





MANUFACTURING 





sinusoidal and the propagation is in the z direction, Max- 
well's field equations become 


oH, OE, 
oy 


+ vyH, = jwe E, os + vE jou H, 
oH, i aE, 3 
i vyH, = jwe E, = + yE, = — jop Hy, 
oH, oH, , ak, ak, 
oz ay om E, or ‘ dy oo M, 


With further manipulation, the equations may be combined 


to 
>» OH we OE 
j j ’ 4 ’ 
f i? ax J ? dy 
oH we OE 
H I ‘ ‘ 
. i? ay J ht or 
j y OF,  .w OH, 
” i? ax / hk? dy 
r ¥ ok, wy oH, 
= KW? ay J h oz 
where 
h? = +? + w? po 
In examining the above equations, it is observed that, 
Y qt 
when H,==0, the magnetic field is wholly transverse to 


the z direction of propagation. Such a wave is said to be 
transverse magnetic, or a TM wave. If E, 0, the electric 
field is wholly transverse to the z direction and such a 
wave is said to be transverse electric, or a TE wave. When 
E, <= H, == 0, both the electric and magnetic field com- 
ponents are transverse to the z direction and the wave is 
said to be transverse electromagnetic, or a TEM wave. The 
latter cannot exist in a single-conductor waveguide, how- 
ever. It is the dominant wave in two-conductor lines such 
as the coaxial line. It should be noted that the coaxial 
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Fig. 13 
(b) in rectangular and circular waveguides. 
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Fig. 12—Cross-section of a rectangular waveguide. 


transmission line may carry higher-order TE or TM modes 
other than the TEM mode. 
The wave equations for E, and H, in a rectangular 
guide are: 
PE ‘ FE 


er ae VE, = —w wk, 


fH, , #H, 
at tpg tt He = — ot 
Consider first the transverse magnetic (TM) wave. After 
applying the boundary conditions, the solution for E, may 
be shown to be 


E, = Asin = r) sin (= v) 
a b 


where m and n are integers (1,2,3,...), and a and b are 
the width and height of the guide, respectively. For zero 
resistivity, a == 0, and y= jf, and the components of the 
electric and magnetic fields will vary with x and y as 
follows: 





errr rrr rae 
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(b) 


Cross-section of configurations of electric fields for common TE modes (a) and magnetic fields for common TM modes 
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Fig. 14—Variations of H,, H,, and H, for the TE,, mode in 
rectangular waveguide. 
jBA ( mr ) ( mr ) s ( ne ) 
E, = -- - } cos x) sin \ 
h? a a b 
jBA ne ; mr ne 
bE -_- — sin zj cos \ 
- h? b a b (64) 
lwo A rr ‘ lin 
H, _ J 3 ( -) sin (“= r) cos ( ; v) 
H, _ joeA ( mr cos ( r) a ( ne v) 
h? a a b 


By examining these equations, it can be seen that the 
values of m and n determine the number of times the field 
undergoes a spatial periodic reversal. If either m or n is 
zero, all the fields are zero. Therefore, a TM,,,. or TMo, 
mode cannot exist in the rectangular waveguide. Further- 
more, this result also rules out a TEM mode in the guide. 

For a transverse electric (TE) wave, the solution for 
H, may be shown to be 


ir nig 
H, = 1 cos ( 7: r) cos ( jb ’) 


and the components of E and H with x and y are 
7 . lig ; 
aw Mee 
JB (nt\, (me : nx 
H, = he ( b ) 4 cos : r) sin ( 5 v) 
_ _ Joel ne a mr ‘ nx 
E, = ie ( 6 ) A cos ( . r) sin ( ; v) 
is Jwp mr oo ma nr 
E, = ie ( = ) 4 sin ( . ) cos ( b r) } 


where m and n are integers (0,1,2,3, . . .). In the case of the 
TE wave, either m or n may be zero, but not simul- 
taneously. 

Assuming m and n to have several values, the cross- 
sectional field configurations within a guide for the TE 
and TM waves are illustrated in Fig. 13. For simplicity, 
the variation of the magnetic field is not shown for the TE 
modes, however. It is orthogonal at all points to the 
electric field. Similarly, the electric field has been omitted 
for the TM modes. Complete field configurations are con- 
tained in any text on this subject. (4) It can be seen that 
the subscripts m and n represent the number of half- 
period variations of the field along the x and y coordinates, 
respectively. The propagation constant may be shown to be 


: JB mr\,. I" 
H, = re = ya sin 


. (65) 


/( mr ) ( ne ) 
y = £08 — pty 
a b 
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Fig. 15—Zig-zag pattern of the two plane-wave components 
of a wave traveling in a guide 


When we is sufficiently small, y is a real number and the 
phase shift constant, 8, is zero. Consequently, this is a time 
variation of the field and there is no wave motion along 
the guide for frequencies for which y is real. When y is 
imaginary, wave motion does exist for frequencies above 
that which makes y= 0. This frequency is called the 
cut-off frequency, /,, and is expressed 


: : 
l ne 
em evac (%) +(¥) 


The corresponding wavelength is 


9 


j = : (66) 
m - n 
\ ( a ) (3) 
The rectangular guide acts as a high-pass filter and, for 
frequencies above /,, 


4 q/ on ( = ) - ( ~ ) (67) 


From the above equations, the lowest-order TE wave 
which exists in the rectangular guide is the TE,, wave, for 
which A, 2a. This is referred to as the dominant mode 
and is the one of practical significance in a rectangular 
waveguide. For this mode (m==1, n==0) only H,, H, 
and E, exist [see Eq (65)] and their variations are illus- 
trated in Fig. 14 for z= 0, #/4 and #/2. 

The cut-off wavelength of the lowest TE mode that may 
exist in a coaxial line is 


( + °) 
=f > 


provided D/d < 5, which yields an accuracy within 4 per 
cent. This wavelength is actually the smallest practical 
wavelength used in coaxial lines 

The wave traveling in a guide in any mode is com- 
posed of two component plane wavefronts traveling in a 
zig-zag pattern as shown in Fig. 15. The velocity of propa- 
gation of these component waves along their respective 
paths is 


1 
Po ; 
V bet 


and is determined mainly by the dielectric material within 
the guide. For air, v, == 310° meters per second. The 
projection of the wavelength A, on the guide axis results 
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in A,, Which is called the guide wavelength, and 
pressed as 


Xo o 
| (* ) ho} 
Ne Vi- x, 
for «, 1 (air). 
Physically, the guide wavelength represents the resultant 
modes caused by the two traveling waves. It approaches 


Ay as the frequency increases (i.e., as angle @ approaches 
zero) 


Another velocity found in waveguides is the phase 
velocity. This velocity measures the rate of change of phase 
along the surface of a conducting plane and is expressed 


N% 


Ve -(%) 


It may be observed that the phase velocity is greater than 
the velocity of the component waves and at cut-off is 
infinite 


(69) 


The average rate of travel of energy in the z direction, 
or the velocity of the intelligence down the guide, is the 
group velocity (v,); also 


(70) 


The group velocity is of interest because it determines the 
transit time or the delay of the energy in traveling down 
the guide ; : 

The characteristic impedance of waveguides may be 
developed from the wave impedance relationship (the ratio 
of the transverse electric field to the transverse magnetic 
field) and it may be shown to be, for the TE wave, 


» r 
Zura = 9 : (71) 


i 


and for the TM wave 


2 i 3 m\ Ps (; ) (72) 


In the development of the relationships which govern 
the fields within guides, it was assumed that the conduc- 
tivity of the walls was infinite and the wave was not 
attenuated above the cut-off frequency. While this assump- 
tion is valid, ohmic losses are experienced because of the 
finite conductivity of the walls so that the wave is actually 
attenuated. The attenuation depends on the skin depth and 
increases as the square root of the resistivity of the con- 
ducting wall. The electric and magnetic fields actually 
penetrate into the metal and propagate in accordance with 
the relationships previously developed for conducting 
media 

For a rectangular, copper, air-filled guide operating in 
the dominant mode (TE,,), the conductive losses are 


1.107 sa(4) + (4) | 
" La | 


For other materials, Eq (73) should be multiplied by 
the square root of the relative resistivity of the material 
compared to copper. For example, the multiplying factors 
are 1.28 for aluminum, 2.0 for brass and 0.97 for silver. 
At extreme high frequencies, surface smoothness and 
chemical films play an important role in affecting 
attenuation, 


db/loo ft = (73) 
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Attenuation is highly dependent on the ratio (f/f.), 
particularly close to cut-off. A dimensional ratio of a == 26 
has been standardized upon for rectangular waveguides to 
provide both a broad frequency range for low attenuation 
and dominant mode operation. If b < a/2, the TE,,, or 
TM,,, modes cannot exist, Then the next-highest mode of 
concern would be the TE,,, which occurs at twice the f/f, 
for the TE,, mode. Thus, a rectangular wavequide would 
have a theoretical bandwidth of 2:1. In actual practice, 
this is reduced to approximately 1.40:1 due to rapid varia- 
tion of a and A, close to cut-off. This ratio also prevents 
possible mode conversion to higher-order modes. Dielectric 
losses in air-filled waveguides are generally negligible, 
except at the millimeter wavelengths. 

The ohmic losses in a waveguide cause a temperature 
rise; however, they are not sufficient to cause any power 
limitations. The power-handling capacity of waveguides is 
restricted by the breakdown characteristics of the dielectric 
medium. Consequently, the maximum power-carrying 
capacity of the waveguide may be calculated from the 
maximum allowable field strength of the dielectric. For 
the TE,, mode, 


P = 663 ab ( % ) Er nsx (watts) (74) 


where a and + are in centimeters and E,,,, in kilovolts per 
centimeter. The maximum field intensity occurs parallel to 
the narrower dimension of the guide, midway between the 
side walls. A design value for E,,,, of 15 kv/cm is used 
for air at room conditions, but this value varies with pulse 
duty cycle, air pressure, and surface roughness of the walls. 


Other Uni-Conducteor Waveguides 


The majority of microwave systems utilize standard 
rectangular waveguides operating in the dominant TE,, 
mode. However, the propagation characteristics of many 
geometrical shapes have been explored and certain of 
these possess special virtues. A brief discussion of several 
of the most popular types follows. 

Circular Waveguides. Circular waveguide is simply a 
hollow tube with a circular cross-section as shown in 
Fig. 16. By utilizing Maxwell's equations in cylindrical co- 
ordinates, the field equations for these guides may be de- 
veloped just as in the case of the rectangular guides. Fields 
E, and H, are radial; the E, and H, fields are positive in 
the direction of increasing 4 and are at right angles to the 
radially directed fields; and the z components are at right 
angles to both the r and ¢ components. At the walls 
(r==a), the boundary conditions for the TM wave 
(Hi, 0) are that E, and Ey, are zero since they are tan- 
gential at this point; in the TE wave (E,=—0), H, van- 


Fig. 16—Cross-section of circular waveguide. 








ishes at the walls since it is normal to the wall. The 
notations for the circular waveguide modes, TM,,,, and 
TE,,,, are such that m denotes the total number of full- 
period variations along a circular path concentric with the 
wall and n is one more than the total number of reversals 
of signs of either component of field along a radial path. 
Figure 13 illustrates several field configurations. 

The TE,, mode in circular guides is the dominant mode 
and is analogous to the TE,, mode in rectangular guides. It 
should be noted that analogous waves for rectangular and 
circular guides do not have the same subscripts. For 
example, the TM,, wave in rectangular guides is analogous 
to the TM,, wave in circular guides; the TM,, rectangular 
is analogous to the TM,, circular, and so on. The recom- 
mended bandwidth for circular guides is about 10 to 15 
per cent due to the large variation in attenuation. Specifi- 
cally, for an equivalent frequency range, the attenuation 
constant is 61 to 73 per cent of that for rectangular guides 
and the power-handling capacity is about 110 per cent 
of that of rectangular guides. One property of circular 
guides is that it is possible to propagate simultaneously two 
independent waves whose directions of polarization are 
orthogonal in a single guide. However, any eccentricity or 
distortions will shift the direction of polarization and hence 
cause interaction. 

The TE,, circular mode has the unique property of 
possessing an attenuation constant which decreases con- 
tinuously with increasing frequency. Furthermore, its 
power-handling capacity is approximately 6 times greater 
than that of rectangular guides or circular guides in the 
TE,, mode. For the same frequency coverage, the diameter 
of the circular waveguide in the TE,, mode must be kept 
to about half diameter for the TE,, mode to eliminate 
the TE., mode, which is very difficult to suppress. Because 
of these advantages, operation in the TE,, mode becomes 
increasingly attractive for: 


(1) the millimeter region, where attenuation and di- 
mensional tolerances become very critical 

(2) for very high average powers, where appreciable 
heating occurs in the waveguide 

(3) for extremely long transmission lines using over- 
sized waveguides. 
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Fig. 17—Single-ridge (a) and double-ridge (b) waveguides 
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Fig. 18—Development of the “G-line” or uni-conductor wave 
guide from (a) air coaxial line, (b) solid dielectric and air, 
and (c) increased outer conductor 


Since there is no current flow along the direction of the 
waveguide axis, connectors, rotary joints, and certain mode 
absorbers are extremely simple to make. However, any 
asymmetrical distortions or mechanical imperfections in 
the tubing create other modes which do not dampen out 
as quickly as in rectangular guides. Thus large-angle, short- 
radius bends are virtually impossible 

Ridged Waveguides. By adding a symmetrical ridge on 
the center of the broad face of a rectangular guide, broad 
band transmission is achieved. Figure 17 illustrates two 
configurations of ridged guides. The electrical performance 
of both types is very similar, but double-ridge guides are 
preferred for long lines since the depth of the ridge is 
roughly half that of a single ridge. This makes it simple 
to hold tolerances on the ridge and to fabricate bends and 
flexible counterparts. The single-ridge guide is more prac- 
tical for certain components and transitions to coaxial 
lines. 

The addition of the ridge lowers the cut-off frequency 
of the fundamental mode without having a great effect 
on the higher modes. Actually, there is a wide range of 
theoretical bandwidths possible because of the almost un- 
limited number of geometric combinations available. The 
optimum ratio of ridge-to-waveguide width (s/a) varies 
between 0.15 and 0.25 for single ridge and between 0.25 
and 0.30 for double ridge, for bandwidths up to five. For 
this s/a ratio, the maximum gap height will result for the 
desired bandwidth and the resultant cross-section will 
generally be a compromise between the lowest attenuation 
and greatest power-handling capabilities. The lowered cut- 
off frequency also permits a more compact cross-section 
and a lower wave impedance structure. 

The single-ridge waveguide has an extremely broad 
operating frequency range of 4 to 1. This increased band- 
width is achieved at the cost of increased attenuation, 
which is 11.5 times as great as a rectangular waveguide 
with the same A, and aspect ratio. The CW power capacity 
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is about 2 per cent that of rectangular waveguide because 
breakdown occurs in the narrow gap; the corners of the 
ridge are rounded to prevent electric breakdowns at the 
corners. The attenuation and power characteristics of these 
guides are fairly constant over the entire band except near 
the lower frequencies where A, tends to vary rapidly. 
Despite these limitations, such guides ary advantageous in 
universal test equipment and for wide-band microwave 
receivers. 

Double-ridge waveguides have a moderate operating 
bandwidth of 2.4 to 1. By reducing the bandwidth, the 
attenuation and power characteristics are improved con- 
siderably and are more compatible with current broad- 
band oscillators and amplifiers. Both single- and double- 
ridge guide structures find extensive applications in filters, 
traveling-wave tubes and transitions because of their low 
impedance and slow variation in A,. 

Surface Guides. Still another form of a uni-conductor 
guide is the surface wave transmission line, usually called 
the “G-line”. (5) This line employs a single conductor 
coated with a low-loss dielectric and its attenuation charac- 
teristics are superior to a coaxial line. To understand the 
theory of operation of the G-line, consider the coaxial line 
of Fig. 18(a) which has air as its dielectric. The guided 
wave is a transverse electromagnetic wave that propagates 
with the velocity of light. If we place a coating of dielectric 
material over the conductor, Fig. 18(b), the electric-field 
configurations change and the field has a longitudinal com- 
ponent. If the dimensions are chosen properly with respect 
to frequency, some of the electric-field lines will not reach 
the outer conductor. By further increasing the diameter of 
the outer conductor, a point is reached at which virtually 
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Fig. 19—Complete surface-wave transmission line. 
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all of the electric-field lines return to the inner conductor. 
The return current in the outer conductor is reduced to 
zero, Fig. 18(c), and the line current returns as a pure 
dielectric current over the surrounding dielectrics. There- 
fore, if the conductor is coated with a thin low-loss die- 
lectric material, the field energy becomes concentrated 
within a cylinder of relatively small radius. Flared cylindri- 
cal horns are used to launch the surface wave on the line. 
The total loss of the G-line is made up of the losses due to 
the launchers, the wire losses, and the losses due to the 
supports, if necessary. The latter losses, however, are 
small. Figure 19 illustrates a complete surface-wave trans- 
mission line. 

The G-line is found to be frequency-dependent and its 
practical lower-frequency limit is approximately 50 mc. 
The practical upper frequency limit has not yet been estab- 
lished. The effect of climatic conditions on the line below 
1000 mc is not considerable; however, above this frequen- 
cy the attenuation of the line is found to be very sensitive 
to ice formation, rain, wet snow, etc. Bends in the line also 
contribute to the increase of the losses. Usually, bends of 
more than 30 deg should be avoided. The lower loss, 
flexibility, reduction in cost, and ease of installation are 
some of the advantages of the G-line. 


Application of Principles to Microwave Components 


Transmission lines provide the vital interconnecting 
links of microwave systems, but they must include other 
devices for measuring, controlling and transferring the 
energy. There are many classes of microwave components 
which perform these functions, as well as many varieties 
within a functional class to satisfy the requirements of a 
particular application. Cited Reference (6) is one of the 
most complete treatments of the design, techniques and 
performance characteristics of these items. In this section, 
four typical components have been selected to illustrate the 
application of the principles developed, and some of the 
practical limitations encountered in their design and usage 
are discussed. 

The slotted line illustrates the measurement of impe- 
dance and wavelength by means of the voltage standing- 
wave ratio (VSWR). Low-power signal detectors are dis- 
cussed and various types compared. Attenuators and ter- 
minations are discussed as level-setting devices. A high- 
power waveguide dummy load is selected to show the use 
of resistive structures. The rotary joint is illustrative of 
transitions between two types of transmission lines or two 
modes of operations. It also utilizes resonant line sections 
to provide non-contacting, low-impedance junctions be- 
tween movable parts. Lastly, the resonant characteristics 
of cavities and iterative line sections are applied to achiev- 
ing certain desired frequency-response characteristics or 
for the measurement of frequency. A miniature pre- 
Selector is chosen as a typical structure used for tuning 


Slotted Line 


The slotted line is the simplest and most direct labora- 
tory means of measuring relative impedance by means of 
the Voltage Standing Wave Ratio (VSWR) present in a 
transmission-line system. It also permits the determination 
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Fig. 20—Coaxial slotted line (a) with accessories: broad-band 
probe (b), and crystal diode (c). 
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Table IV — Characteristics of Low-Power Detectors 


Type Construction Resistance Power Properties 


Wire bolometer Fine platinum 50-200 Range Rapid response 
or barreter wire of several ohms, 5 to 500 time; nearly lin- 
microinches in positive mw ear over range; 
diam (Wollas- coeff Coeff delicate small 
ton wire 3to 12 overload capacity 

ohms /mw 


Film bolometer Molecularly 200 ohms, Range Sluggish response 
thin resistance positive 1-100 time; highest 
film baked on coeff mw burnout rating; 
a thin strip of Coeff quite linear over 
glass or mica 50 range 

ohms (mw 


Thermistor A bead of semi 50-5000 Rang< Comparatively 
conductor ma ohms 50 to 400) —s poor linearity 
terial placed be negative Cocff and interchange 
tween two thin coeff 4-50 ability 

parallel wires ohms mw 

or im coaxial 

disk form 


Direct - heated : 0.5 to 10 Poor sensitivity; 
two-wire sys milli limited in fre- 
tems or en volts ‘mw quency dure to 
hanced by a larger size low 
carbon bridge resistance Ievels 
on resistance 

bead 


Thermocouple 


of the wavelength in the guide and the position of the 
voltage minima or maxima. As its name implies, a thin 
longitudinal slot is cut in the outer wall of a transmission 
line so as not to interrupt any current lines and a thin wire 
probe is inserted in a region of high electric-field intensity. 
Figure 20 is a typical coaxial line with the associated probe 
and crystal 

A small portion of the energy in the line is coupled 
from the electric field to the probe tip, which forms the 
center conductor of a small coaxial line. A crystal diode 
mounted perpendicular to the probe line converts the 
energy at microwave frequency to direct current or some 
low audio frequency. An audio modulation of 400 or 1000 
cycles applied to the microwave signal provides greater 
output sensitivity, as it is much easier to amplify and com- 
pare than d-c. Tuning stubs are provided to match the 
r-f impedance of the crystal—in the order of several 
hundred ohms—to the impedance of the line. The type 
shown uses two concentric coaxial lines, each terminated 
in a variable short circuit. One tuner is actuated by sliding 
the tube vertically, while the other is varied by rotating a 
knob. This double-tuning system permits efficient matching 
over all frequencies between 1.0 and 12.4 kmc. 

The probe depth is adjusted to the minimum which will 
supply an adequate signal to the detecting system. Too 
great a probe insertion will distort the symmetry of the 
electric-field configuration and consequently vary the im- 
pedance of the transmission line (i.e., the minimum or 
“residual” VSWR of the slotted line increases). An r-f 
bypass, such as a coupling capacitor or a half-wavelength 
stub line, must be provided to isolate the r-f energy in the 
crystal from the d-c path to the indicating device. 

The crystal itself consists of a small section of semicon- 
ductor material such as silicon or germanium. Contact on 
one side is made through a fusible conductor (i.e., the 
base) and to the other side by a fine gold or platinum wire 
whisker. A rectifying junction is present at the latter 
contact so that the diode conducts current much more 
readily in one direction than the other. The crystal is a 
“square law” device which yields a current output propor- 
tional to the square of the voltage. Thus, the output meter 
indication is a direct measure of power. The square-law 
response of the crystal holds true for currents up to ap- 
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proximately 20 milliamp, equivalent to an r-f power input 
of about 30 microwatts. (7) If a crystal detector is to be 
used for absolute power measurements, it must be indi- 
vidually calibrated. 

Higher power levels, up to tens of milliwatts, can be 
measured by the use of thermally sensitive resistive ele- 
ments. They can be substituted directly for crystals in 
probe mounts but have a much slower response time; i¢., 
they time-average the power over a period of several 
seconds. The characteristics of the more common types are 
shown in Table IV. They all require some form of 
auxiliary bridge to measure variation of resistance and an 
adjustable bias voltage 

For measurement purposes, the slotted line is inserted 
in the microwave circuit preceding the device to be 
measured or to be adjusted to a minimum VSWR. The 
probe assembly is moved longitudinally on the line by 
means of a precisely calibrated carriage. The voltage 
output from the detector is recorded as a function of 
position. From the ratio of the maximum to minimum 
voltage, the VSWR (and hence, the impedance mismatch) 
can be obtained. The distance of the minima or maxima 
from the mismatch determines the phase angle of the 
reflection coefficient. The distance between pairs of cither 
minima or maxima is half the guide wavelength (A,/2) 
For lines operating in the TEM mode, a rough measure- 
ment of frequency can also be made. If the slotted portion 
is long enough to compare the magnitude of successive 
voltage peaks or valleys, a crude measure of the attenua- 
tion is also possible. Thus, the slotted line can provide 
considerable information on the behavior of a circuit by 
probing the electric-field distribution. Other special devices 
also derive their information from probes which appro- 
priately sample the electric and magnetic field 


High-Power Dummy Load 


An attenuator is a device placed in a transmssion line 
to reduce the amplitude of the voltage and current wave 
A termination or load is a special form of attenuator which 
is terminated in a short circuit of virtually zero impedance 
The properties of an attenuator or any lossey device may 
be defined in two ways. If a generator initially delivers 
power P, to a load of arbitrary impedance, and the intro- 
duction of the attenuator reduces this to P,, then the 
insertion loss (L) in db of the device is: 


10 log 6 . 


. 
: 


The insertion loss will consist of power reflected due 
to impedance mismatch and due to dissipation in the 
device. Hence, the properties of the device are not 
uniquely defined unless its impedance relative to the gen- 
erator and the load are both known. However, if the gener- 
ator and the load each are matched to a line of its own 
impedance (these do not have to be the same), then P, 
becomes the maximum power available to the load. The 
attenuation in db is properly defined as: 


, 
10 logy. 


P. 

Thus, a good attenuator or termination requires a very 
good impedance match over as wide a range of frequencies 
as possible. For either fixed or variable attenuators, the 
variation of the nominal attenuation and the VSWR must 
be kept within reasonable limits for broadband devices. 
For utmost accuracy, a calibration curve is furnished with 
precision attenuators. Requirements for low-power ter- 
minations may vary from a VSWR of les: than 1.01 for 
a reference standard in a magic T to a VSWR of 1.20 as 
a secondary arm of a directional coupler. (Note: A mini- 
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mum of 30 db of attenuation is required to reduce the 
input VSWR of a short circuit to 1.01.) 

Another significant factor in the design of an attenuator 
or termination is the maximum power capacity. Too high 
atl average power can produce excessive temperature in the 
resistive elements and materially alter their characteristics. 
Entirely different structures are used for low-power (below 
| watt) and high-power structures. Burnout may also 
result from sustained corona (“arcing” or “sparking”) 
under high peak pulse powers. 

For low-power attenuators or terminations, thin (less 
than 6 thick) (see Eq 35) resistive metallized films on a 
good dielectric support are generally used as the dissipative 
elements. In a coaxial line they are used as the center con- 
ductor or shunted as a disk between the two conductors. 
In a waveguide they are placed in the center of the guide, 
aligned in the direction of the electric field. The dimen- 
sions and/or the resistivities of these elements are tapered 
or stepped to provide a smooth impedance transition. 

Another type of accurate variable attenuator uses the 
exponential decay of energy in a waveguide operated 
below its cutoff frequency. The magnitude of the attenua- 
tion depends on the cross-section of the waveguide and 
the distance between the two coupling loops as shown in 
Fig. 21. Phase shift is negligible and is due only to wall 
losses. For A,/A, > 1.05 the attenuation constant (a) can be 
predicted very accurately for any waveguide by 


nu 
nepers / meter 
de 


Cutoff attenuators can be used as primary standards if 
precision tubing is used and care is exercised in the mode 
purity of the transition. 

High-power terminations must be capable of dissipating 
kilowatts of heat in a reasonable size, preferably without 
resorting to water cooling. This may be done by filling the 
guide with highly dissipative dielectric materials such as 
carbon, iron oxide, or silicon carbide, in a cement or 
ceramic binder. This dielectric is tapered slowly to gradu- 
ally occupy the entire volume, and its resistance must be 
kept low enough to limit the introduction of an appreciable 
reactive component [see Eq (36)]. Ideally, Z, can be kept 
real if RvI GC, which means that the series resistance 
losses and the shunt conductance losses are equal 

The dissipative or lossy-wall type of load has superior 
electrical properties and better heat-dissipation character- 
istics. It may be made of the same types of material as the 
dielectric loads or of metal alloys with high resistivity. 
Compensation must be made for the much greater skin 
depth, and resistivities must be adjusted to approach 
uniform heat dissipation from all sides and along the 
length of the waveguide. Substantial cooling fins must be 
provided to increase the radiating area greatly and to 
reduce the surface temperature. 


Figure 22 is a cross section of an L-band load capable 


Fig. 22 High 
power waveguide 
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Fig. 21—Characteristics of waveguide below cutoff. 


of 10 kw of power dissipation. (8) The dissipative medium 
consists of 85 per cent by weight of a ferrite power (Fer- 
roxcube 105) and 15 per cent of silicon resin (Dow 
Corning No. 993), which was coated on all four walls in 
the thicknesses shown except for “4 in. squares in the 
corners to prevent strain at elevated temperatures. The 
attenuation was 0.4 db per in. in the front section, which 
was increased in steps to about 2.2 db per in. in the last 
section. The VSWR was less than 1.1 over an operating 
range from 1.1 to 1.8 kmc. The maximum temperature 
was 300 C about 6 in. from the input when dissipating 
full rated load. 


Rotary Joints 


Many microwave antenna systems require moving joints 
between various elements of the transmission line. Such 
joints must provide a good impedance match (VSWR 
below 1.1 or 1.2) independent of position and over a 
reasonable frequency bandwidth. Mismatch of the real part 
of the impedance results in a loss of power due to re- 
flection, but this is usually small enough to be negligible. 
However, the introduction of any reactive component can 
have detrimental effects on the frequency stability of cer- 
tain tubes and on the sensitivity of microwave receivers. 
(Fortunately, ferrite isolations are now available which 
can minimize unwanted reflections.) Any energy leakage 
from joints transmitting high power must be kept to a 
minimum to prevent interference with near-by sensitive 
detectors and to limit arcing within mechanical bearings. 

For small angular rotations or linear translation, flexible 
versions of the same transmission line are available. How- 





ever, a rotary joint to provide continuous rotation entails 
a transition to a transmission-line section with a circularly 
symmetrical field configuration. The two most common are 
the dominant TEM mode in coaxial line, and the T™,, 
mode in circular waveguide. Thus, a rotary joint in a 
coaxial line does not involve a change of mode, but rather 
straightforward impedance matching. For a rotary joint 
in the TE,, mode rectangular waveguide, it is necessary 
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Fig. 24—Equivalent schematic of joint shown in Fig. 23. 
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to transform into either of the aforementioned modes. 
There are many designs of such transitions, each with their 
particular virtues with respect to VSWR, power and band- 
width limitations as well as size, simplicity and mechanical 
configuration. (6) 

Figure 23 illustrates a typical 3 kme (S-band) high- 
power waveguide joint. A coaxial section is used for the 
rotating section. The equivalent schematic of the joint is 
shown in Fig. 24. At this frequency it is smaller in diame- 
ter and less susceptible to mode impurities or spurious 
resonance than a round waveguide section. The “door 
knob” transition provides a gradual change of impedance 
between that of the waveguide Z, and that of the coaxial 
line Z,.. The smooth contours eliminate areas of localized 
high-voltage stress and provide a peak power capability 
equal to that of the coaxial line. Improved impedance 
matching is attained over a broader bandwidth by the use 
of an inductive iris to compensate for the capacitive effect 
of the center conductor placed in the waveguide. Any 
energy by-passing the transition is reflected back in proper 
phase by the short circuit in the input waveguide placed 
an odd number of half wavelengths away. 

To achieve relative rotary motion between the pair of 
transitions, low-impedance sliding contacts are required 
at both the inner and outer conductors of the coaxial line. 
The inner conductor is a solid rod freely supported by 
bearings at either end. A very low impedance is achieved 
between this inner conductor and the edge of the “door 
knob” by a short-circuited choke section. This choke 
consists of a quarter-wavelength, low-impedance coaxial 
line section, followed by a quarter wavelength of a radial 
waveguide of even lower impedance. Even though this 
combination is quite effective, a lossy dielectric bead is 
provided to absorb any possible energy leakage. For the 
outer conductor contact, two similar quarter-wavelength 
waveguide sections are used, but folded back to conserve 
overall diameter. An overall outer collar is provided for 
mechanical support, and for the pressure sealing of the 
system. 

The power-handling capability of a retary joint is de- 
termined by the breakdown of the gaseous dielectric in 
the vicinity of maximum electric stress. Breakdown is a4 
primary concern under pulsed conditions of high peak 
powers. The safe design figure is F.,,,,. 15 kv/cm for air 
at room temperature and pressure. Higher peak-voltage 
gradients can be sustained by maintaining one to two at- 
mospheres of pressure or by the introduction of small 
quantities of electronegative gases such as sulfur hexa- 
fluoride (SF,). Spurious resonances, abrupt changes of 
sections, or sharp corners produce regions of localized 
high-voltage stress where corona discharge, or “sparking”, 
takes place. 


Tunable Preselector 


It has been shown (Fig. 7) that short- or open-circuited 
lines exhibit impedance variations similar to those in series 
or shunt resonant circuits. Many types of high-, low- and 
band-pass microwave filters can be designed by directly 
approximating lumped-element inductance and capacitance 
with equivalent line sections. At the lower frequencies 
(below 100 mc), lump inductance or capacitance termi- 
nations are employed to enable the siructures to have 
practical sizes. At frequencies above 3000 mc, stray 
reactive effects (9) at physical discontinuities begin to 
cause significant departures from theoretical values. Filters 
using line sections are limited to a minimum passband of 
greater than 10 per cent due to the difficulty of achieving 
a large variation of impedance. This can be overcome by 
using very loosely coupled cavities in lieu of line sections. 

Waveguides are generally not used in the same con- 
figuration as coaxial lines because of the complex mode 
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Fig. 25—Selectivity of simple cavity 


effects at junctions. Further, waveguides inherently behave 
as high-pass filter structures, with known attenuation char- 
acteristics below cut-off (Fig. 21). If a cavity is made from 
a section of waveguide, the lowest resonant frequency 
occurs when the length (/) is equal to A,/2. The simple 
cylindrical, rectangular, and re-entrant cylindrical shapes 
are most frequently used. (Modes are designated as TE,, ,, ; 
cr TM,,,,; in a manner similar to waveguides.) Close to 
resonance, cavities behave as simple high-Q resonant 
circuits whose selectivity curve is shown in Fig. 25. The 
unloaded Q (Q,) is also defined as the ratio of the energy 
stored in the field to that dissipated in heat per cycle. 
It is determined by the volume-to-surface ratio, the mode 
of excitation, and the surface conductivity of the material. 
If such a cavity is loaded symmetrically on both input and 
output ends, further power dissipation occurs and a new 
lower value of loaded Q (Q,) results. The insertion loss 
(L) at resonance is simply 


0 
I. = 20 log: () +o ) 
<0 


When several cavities are cascaded with very little energy 
coupling between them, very narrow pass-band filters can 
be achieved. [he bandwidth is determined by the coeffi- 
cient of coupling between sections, while the steeparess 
of the selectivity curve increases with the number of sec- 
tions. Unfortunately, the insertion loss increases directly 
as the number of sections. Bandwidth can also be increased 
by tuning each cavity to a slightly different frequency. 

Cavities are generally coupled through specially shaped 
holes or slots known as irises. They are inductive if they 
couple predominantly to the magnetic field, or capacitive 
if they couple to the electric field. If the ratio of L/C is 
chosen properly, a resonant iris may be obtained at one 
frequency. Although they are low-Q devices, iterative or 
repetitive iris structures form the basis of some special 
filters. Non-resonant quarter-wavelength sections can also 
be used to advantage to couple resonant sections. These 
do not have critical dimensional tolerances or mechanical 
connections and they permit individual adjustment of each 
section. 

The re-entrant coaxial cavity provides the most compact 
tuning structure. Figure 26 illustrates a three-cavity C-band 
(5400 to 5950 mc) pre-selector for missile beacons. (/0) 
The entire structure occupies a volume of 1% x 1% x 3% 
in., is extremely rugged, and can be pressurized to 15 psi. 
Coupling to the input and output cavities is by means of 
electric-field probes from coaxial connectors, while cou- 
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Fig. 26—Tunable C-band selector. 


pling between cavities is through rectangular cutouts next 
to the end walls. A small matching post in the center cavity 
aligns its tuning curve with that of the two end cavities. 
Thus, all three units can be gang-tuned simultaneously 
through a train of precision gears. The cavities are made 
from Invar to minimize frequency drift over a temperature 
excursion from —55 to 4-100 C. 

The pre-selector passes an 8 mc band of frequencies 
with an insertion loss of about 2 db. At 30 mc either side 
of center frequency (f,), its rejection is greater than 40 db 
for a three-cavity structure and greater than 30 db for an 
identical two-cavity design. Figure 27 is the selectivity 
characteristic of this filter at midband (5700 mc). The 
rejection levels increase slightly at higher frequencies and 
decrease at lower frequencies. The pass-band attenuation 
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Fig. 27—Selectivity characteristic of a pre-selector. 
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Appendix I1— Plane Wave Propagation* 


Free space (J, 0) Conducting medium (J. # 0) 


Taking the curl of equation II, and sirce B = »H From J cE, D = «EB, and substitutin,, into equation I, 
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Using the identity for the left-hand side 
v x H (jw oa) b 
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Using the identity for the left hand side 
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Similarly, it can be shown that y* = jou (joe + ) 
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Silicon Transistor-Resistor 
Logic Circuits 


Otherwise known as NOR logic circuits, 
these static switching elements are finding 
an economic place in digital industrial con- 
trol systems where switching speeds are 
moderate. 


J. LUECKE 
Semiconductor-Components Division 
Texas INstauments INCORPORATED 
Dallas, Texas 


TRANSISTOR-RESISTOR Locic (TRL) is very simple, in- 
expensive and versatile. It is easy to design, has good 
reliability, does not depend entirely on transistor para- 
meters, and provides adequate design margins. It can 
operate over a wide range of environmental conditions, 
has low power consumption and a low component count. 
The transistors have ideal switching characteristics for 
industrial control purposes. For these reasons, TRL was 
chosen as the type of circuit to be used for digital con- 
trol systems, even though its speed is limited by the 
transistor that is used. Very few of the lower-priced 
silicon transistors exceed a 15-ysec switching time in 
such circuits, but this speed easily meets the require- 
ments of a great many industrial systems. 

A simple TRL circuit is shown in Fig. 1, along with 
its truth table of combinations. If a “1” input is defined 
as a high voltage and a “0” input is defined as a low 
voltage, then the following circuit has a 0 output when- 
ever A, B, or C input is a 1. The only time a 1 is 
present at the output is when a 0 is present at each of 
the three inputs. Output Z is equal to 1; Z’ is equal to 0. 
Therefore, the logic statement is Z == A’B'C’. This means 
that Z is a 1 when A and B and C are each not 1. This 
circuit can also be identified, after examining the table 
of combinations, as a circuit with a Z’ (negative of Z) 
output, when A or B or C is a 1. For this reason, TRL 
logic has been called Nor logic. If the TRL circuit of 
Fig. 1 had only one input, the circuit would be an in- 
verter. 

Figure 2 shows the duplication of the conventional 
AND and or functions with TRL logic blocks. Eech of 
the equivalent logic circuits using TRL have more blocks 
than the original AND or or. Therefore, it would seem 
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that any system would require more blocks for TRL 
logic than for any other logic. This is not necessarily 
true. For example, coupling an OR to an AND circuit 
allows two inverters, which are in series, to be elimin- 
ated, thus reducing the number of blocks. Such reduc- 
tions can actually result in fewer blocks in the system. 

The objective of many designers of logic systems is 
to use one standard block repeatedly throughout the 
system to obtain all the functions required. The standard 
block can accept a maximum number of inputs and drive 
a maximum number of identical blocks at the output. 


of combinations 


Fig. | 
table. 


Simple transistor-resistor logic (NOR) circuit and truth 


Conventional OR TRL OR 


Fig. 2— Equivalent symbols for conventional logic and TRL 
logic. 
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This means that, in actual systems, the standard block 
often accepts fewer inputs than maximum and drives 
considerably fewer blocks than maximum. Less than 
100 per cent usability is the sacrifice made when using 
a standard package. However, one package can be made 
in large volume and the purchasing, storing, and main- 
tenance function for the system may be cheaper. But in 
some industrial systems the large-volume need may not 
be present; consequently, a standard package may not 
sufficiently reduce the total cost. 

Since the switching times required are generally much 
slower than 15 psec, and since cost is usually the most 
important consideration after the reliability specification 
{usually 5-10 years), methods of system design can be 
used to reduce the total cost of the transistors used. One 
such method is described. 


TRL Circuit Design 


The TRL circuit of Fig. 3 can be analyzed by writing 
equations for the case when the transistor is ON or fully 
saturated and the case when the transistor is OFF and 
passing only leakage current. Symbol M is the number 
of inputs that can provide driving power, while N is 
the number of logic stages driven in parallel from any 
output. The equations and a particular type of solution 
are given in Fig. 4. The ON equation is developed at the 
lowest operating temperature, while the oFF equation 
is developed at the highest operating temperature, be- 
cause these are normally the worst-case conditions. 

Tolerances must be placed on resistor values and 
power-supply voltages after a given set of transistor 
parameters are selected. The largest transistor parameter 
variations are put into the equations at the extreme 
temperatures. The two equations are then solved simul- 
taneously. The factors indicating the resistor and voltage 
tolerance variations are omitted from the equations for 
the sake of clarity. Note on the graph the effect of the 
change in resistor and voltage values. 

The solution for the equations is in the area bounded 
by the two curves. A worst-case design would be inside 
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the area bounded by the 5 per cent R and 5 per cent V 
curves—for example, point A on Fig. 4. This means 
that the voltage and the resistors can vary in value by 
5 per cent (in opposite direction) and still yield a valid 
solution. Notice the significant reduction in area from 
the 0 per cent R, 0 per cent V curves. 

Another family of curves is generated by keeping the 
resistors and voltages constant, but allowing such tran- 
sistor parameters as hp, and Igo to vary. Such a family 
is shown in Fig. 5. The larger the hrs, the greater the 
design margin. Note the reduction in area when the 
leakage current increases. The combination of data in 
Figs. 4 and 5 determines the acceptable worst-case solu- 
tion over the temperature range. A combined solution, 
with the selected resistor values at 25 C indicated, is 
shown by the shaded area in Fig. 5. Variations in re 
sistance of 2.5 per cent over the temperature range 
from the selected values will cause the shaded excursions. 
The shaded area must be within the boundaries of the 
ON and OFF equations for the solution to be acceptable 
over the temperature range. Voltage variations of 5 per 
cent in the worst direction have been included in the 
ON and OFF equations. 

It is quite important to understand that the Ay, for 
the acceptable solution must be maintained down to the 
lowest operating temperature because Ay, causes large 
variations, as shown in Fig. 5. 

When additional stages are added in parallel to the 
output of the circuit in Fig. 3, the drive current to each 
stage is reduced. Each stage then requires a transistor 
with a higher Ap, at the lowest operating temperature. 
If the lowest temperature is —55 C, the Ap, required 
at room temperature may be twice as great. To maintain 
good design margins, the hy, should be 20 at —55 C for 
Fig. 5. This means it should be 45-50 at room tempera- 
ture for a package that can accept 4 inputs and can 
drive 3 outputs. For a package that has 4 inputs and 4 
outputs, Aye should be between 60 and 70. 

An examination of the production quality level dis- 
tributions of suitable silicon transistors reveals that this 
hy, requirement eliminates a great many of the produc- 
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Fig. 4 — Equations for solution of TRL circuit and modifications 
due to tolerance changes in power-supply voltages and resistors. 
The changes are in the direction of worst possible condition. 
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Fig. 3— Typical TRL circuit used for analysis in Fig. 4. 
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Fig. 5 — Effects of variations in Are and Iceo on values of Ro. 


tion units. Therefore, if only a standard TRL logic cir- 
cuit with a fan-in and fan-out of 4 were chosen to 
operate in a system over a —40 to +100 C temperature 
range, the silicon transistor would be expensive. What 
is needed is a technique that allows silicon transistors 
to be used in systems that are competitively priced— 
or at least priced near enough to germanium systems 
so the improved reliability will warrant the additional 
cost. 

The logic networks of a sequential circuit of several 
industrial control systems were examined. The logic 
blocks did not need the same number of inputs and the 
block outputs did not drive the same number of inputs. 
The ON equation solutions of Figs. 4 and 5, when 
examined, showed little change when M varied from 
1 to 4. However, varying N caused a large change. 

A plot of the number of blocks driving the same num- 
ber of inputs from the output was prepared on these 
systems and a typical result is shown in Fig. 6. The 
distribution envelope shown loosely matches the distri- 
bution curve of production-line transistors when the 
units are classified for hp, at a particular J, and Vey. 
Parameter hy, controls the number of inputs, NV, that 
can be connected in parallel to an output. Therefore, by 
classifying the TRL logic blocks according to the num- 
ber of inputs that can be driven from an output, the 
distribution of logic blocks used in a system can ap- 
proach a match with the production-line distribution and 
all transistors coming off the line can be used. This 
procedure lowers the price of the individual transistor. 
A method of careful system design can provide an even 
better distribution of blocks than that shown in Fig. 6. 

Seven TRL logic circuits have been designed to cover 
the full production distributions of the TI small-signal 
grown-junction silicon transistors. The first is a simple 
inverter and accepts only one input, but all others have 
four inputs. The number of inputs that can be connected 
in parallel to any particular output varies from 1 to 6. 
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Basic TRL logic circuits. 


Fig. 7 


Special TRL transistors, typed to fit the circuits, are 
listed in the table along with resistor values. With these 
transistors, complete industrial systems have been assem- 
bled that operate over the temperature range from —50 
to +100 C. No failures have been noted over many 
environmental cycles. 


Switching Times 


Essentially, the industrial systems considered are rela- 
tively slow-speed and can use static switching elements. 
However, many systems require special timing or faster 
switching in portions of the circuits than relays can 
provide. The limitations on switching times for the TRL 
logic circuits using the transistors listed are shown in 
the table. All of these times were taken under the most 
adverse conditions of voltage, resistance and load varia- 
tions. Faster switching times can be obtained by using 
a higher-speed switching transistor (e.g., 2N702). The 
method of system design and type of circuits, except for 
resistor values, will remain the same. oO0Oo 


Switching Times and Resistor Values of Special 
Transistor NOR Circuit Blocks 





| | Res:stances (Fig. 7), | Switching times, 
| 








| 


k ohms psec 

Transistor | No. of | jane gatenerrree pnmateostenres ieetenaernn siaeersing emia 
No. | inputs IN*| Rr Rp Rt On | Off | Total 
J-460 1 1 | 3.48 | 38.3 | 3.83 | 0.6 | 2.5 | 3.1 
j-461 4 1 | 6.19 | 23.7 | 3.83 | 1.3} 3.1 | 4.4 
J-462 4 2114.7. | 56.2 | 3.83 | 2.0| 5.2| 7.2 
j-463 4 319.6 | 75.0 | 3.83 | 3.0) 6.5/9.5 
J-464 4 4 (21.5 75.0 | 3.83 | 4.0 | 6.7 |10.7 
jJ-465 4 | 5 |31.6 (110 3.83 | 5.0 | 8.0 |13.0 
J-466 4 6 134.8 (121 3.83 | 6.1 | 9.3 15.4 

! 








* Number of inputs that can be connected in parallel te an output. 
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The Digital Computer as a 
Tool for Design Engineers 


© Design engineers need not be computer specialists to use digital 


computers successfully as powerful tools to solve design problems. 


© The two basic methods of using computing machines in design 


— illustrated by practical examples — are presented. 


© They are: The Analysis Method and The Synthesis Method. 


BENJAMIN MITTMAN, Assistant Supervisor 
RICHARD B. WISE, Assistant Supervisor 
Computer Applications and Operations Research 
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Chicago, Illinois 


DiciTAL COMPUTERS are used extensively to solve a wide 
variety of engineering design and research problems. When 
automatic digital computers are applied to the solution of 
engineering problems, it is important to have a clear con- 
cept of the problem. The solution of any problem—engi- 
neering, scientific, or commercial—involves certain funda- 
mental processes: (1) the input, consisting of numbers, 
letters, symbols and words; (2) the manipulation, or 
processing, consisting of calculating, comparing, arranging, 
translating, selecting, modifying and identifying; and (3) 
the output, consisting of numbers, letters, symbols, words, 
etc., and perhaps actions (control). 

In Table I, four general types of problems are presented. 
Any problem that is to be solved by a machine must be 
suitable for input in a coded form. Many forms of fixed- 
data representation have been developed to serve as input 
—punched holes in cards, punched holes in paper tape, 
magnetic recording on plastic or metallic tape, magnetic 
ink on paper, and recently, plain printing or typing. 

Output from a computer must be converted from machine 


Table |—Some General Types of Problems 
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code into printed or drawn form (curve plotters). Since 
such information may have to be re-introduced into the 
computer as input to another phase in the computation, it 
is desirable that the output form match the input form. 
For example, a machine with punched-card input will usu- 
ally have a punched-card output. The output may also re- 
sult in direct action, such as controlling a process or 
launching a missile. Typical output devices are: electrical 
typewriters, electromechanical printers, card punches, paper 
tape punches, magnetic tape units, oscilloscope display 
tubes, control mechanisms, etc. 

In an electronic digital computer, the input, in the form 
of electrical coded pulses, changes the electronic or mag- 
netic states of such devices as tubes, transistors, diodes, 
relays, magnetic cores, or the magnetized surface of a 
rotating drum. 

The major functional elements of a digital computer are 
illustrated in Fig. 1. Pulses enter the central computer from 
the input section and are transferred to specified locations 
within the computer storage section where they are available 
for manipulation. The arithmetic section is used to operate 
upon these data, performing the operations of addition, sub- 
traction, multiplication and division, and making logical 
decisions of the “yes or no” type. The control section directs 
the flow of information in and out of the computer and 
within the computer, and monitors all arithmetic and logic 
operations. It is under this control that the elementary 
operations mentioned above are combined to produce mean- 
ingful results for transmission to the output section. 

Speed of calculation, although vitally important, is not 
enough to account for the vast contributions (present and 
potential) that computing machines have made to science 
and engineering; it is the ability to make logical choices 
and decisions that have opened up completely new vistas. 
To use a computer for the solution of any problem, it is 
necessary to define the problem clearly and to decide upon 
the procedure. The procedure must be transferred into a 
step-by-step set of detailed and ordered instructions, called 
a “program”. (1)* The instructions are electrically placed 
into the storage system of the computer, which may consist 
of a magnetic core matrix, magnetic drums, magnetic tapes, 
relays, or other devices. Functionally, the storage section 
is made up of a large number of uniquely addressed loca- 
tions, where information may be stored in the form of 


* Italic numerals in parentheses refer to Cited References at end of article. 
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binary numbers, or states, which may actually represent 
numerical values or, through the use of appropriate codes, 
symbolic information such as alphabetical words. Data may 
be placed into, or extracted from, any storage location by 
referring to the address of that location. Data may flow 
from storage to the output section, from the input section 
to storage, and to-and-from storage from-and-to the arith- 
metic section, respectively. Numbers placed into specified 
storage locations may represent not only numerical data, 
but also coded instructions to the machine, which govern 
the performance of the various arithmetic, logic and control 
functions. The control section, once it has been set in 
operation, may be used to extract an instruction from 
storage, interpret its coded meaning, execute the operation 
called for, and return it to the proper location, and then 
extract the next instruction. This procedure may continue 
until a specific instruction entailing a “stop” order is 
extracted. 

A stored program may be so arranged that it is auto- 
matically modified. A set of instructions may be used for 
different numerical inputs, which makes repetitive (namely, 
performing the same manipulation on various sets of data) 
and iterative (namely, performing repetitive computations 
in which the output of one cycle is the input to the next) 
procedures possible. This feature makes computing ma- 
chines valuable for engineers who want to insert a variety of 
parameters to determine an optimum design. 

Digital computers are very useful for solving mathematical 
equations which are so often the basis of engineering design 
problems. (2) Mathematical and numerical techniques, which 
are available to users of computing machines in various 
forms, are called “subroutines”. These are simply a collec- 
tion of basic computer instructions to perform such fun- 
damental computations as evaluating common mathematical 
functions (sine or cosine, square-root functions, etc.), or 
solving sets of simultaneous algebraic equations. Subroutines 
have been prepared for most machines and are generally 
available for incorporation into running programs, which 
greatly simplifies programming. 


Engineering Design Techniques 

Before considering the use of automatic digital com- 
puters in design procedures, we shall survey the general 
problem of engineering design and the various approaches 
to solution. The design process is a problem-solving activity 
of great complexity. The input consists of performance 
specifications, the design variables, the restraints imposed 
by standards, costs, available time, etc. (Some of the com- 
plicating factors are the number and complexity of the 
design variables, and the usually non-linear interrelationship 
between the design variables and performance.) The 
manipulation phase involves cycles of activity relating to 
the assignment of input variables, calculation of perform- 
ance based upon these variables, comparison with perform- 
ance specifications, and readjustment of input variables to 
meet these specifications. Frequently, an optimization process 
follows the determination of feasible designs. The output 
is, ideally, the optimum design. 

The cut-and-try design method consists of constructing 
an actual model and carrying out performance tests. From 
such purely empirical methods developed—as more theo- 
retical knowledge made it possible—the designer's ability 
to calculate performance based upon design parameters 
and thereby eliminate the cost of time-consuming model 
construction, The knowledge of the designer decided the 
initial parameter values and their subsequent variation to 
reach (eventually) the required performance specifications. 
This analytical approach is greatly facilitated by the use 
of computing machines. 

In the past five or six years, computing machines have 
been accepted as engineering tools at a phenomenal rate of 
acceleration, because of the greatly improved computing 


AUGUST 1960 


machines available, because of the advances in automatic 
programming techniques, and because of the increasing 
emphasis by design engineers on analytical and mathemati- 
cal techniques. 

Mathematical models may—to attempt a highly general- 
ized classification—be approached by analysis and synthesis, 
respectively. In design analysis, the designer, for all prac- 
tical purposes, uses the computer as a mathematical tool 
(comparable to a “super” sliderule) to calculate perform- 
ance characteristics. The designer estimates the design 
variables and uses the machine to calculate the effect of 
various materials and structures. The use of digital com- 
puters makes it feasible and practical to take far more 
variables into account than one can consider otherwise. 
And, from such an analysis, further requirements in the 
procedure can be developed. In design synthesis, on the 
other hand, the designer uses the specifications of the end 
product as input for the computer, and receives the values 
of the required design variables as output. A more sophis- 
ticated approach is an optimal design synthesis program, 
in which not only the designs possible to fulfill the specified 
performance requirements, but the “optimum” design based 
upon costs and any other predetermined considerations are 
computed as output. 

The most obvious way to synthesize a design would be to 
solve the inverse of the design equations for the required 
variables. Such direct synthesis techniques for products of 
any complexity, however, involve so many variables and 
constraints that such an approach is often extremely diffi- 
cult. Furthermore, the introduction of discrete values for 
measurements of many design variables due to the require- 
ments imposed by standardization also tend to complicate 
the issue (e.g., the height of the core window for a power 
transformer or the dimensions of the stator punchings for 
an induction motor). Although significant theoretical work 
has been done toward obtaining the direct synthesis of a 
design in closed form, (3, 4, 5, 6) extensive application 
of these techniques is still to be realized. However, with 
the continued improvement of storage capacities and operat- 
ing speeds, the successful employment of direct synthesis 
for larger systems seems imminent. 

At present, a fruitful approach to the design synthesis 
problem is the iterative synthesis method. Using procedures 
established by the designers who have written the computer 
program, the machine estimates the variables for a trial 
design. A performance calculation is made and the results 
compared with the specified requirements. If they do not 
compare, the program then modifies selected variables in 
a predetermined manner and the performance calculation 
is repeated until the desired characteristics are realized. 
Obviously, only experienced designers can create such a 
program. They must have an intimate knowledge of the 
product involved and the design problems peculiar thereto, 
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Fig. 1—Functional block diagram of a digital computer. 





Table Il—Levels of Appl.cation of Computers in Engineering Design 


Level Input 


Analysis Design parameters 
Estimated design variables 


Iterative synthesis Design parameters 


Desired performance character- 


istics 
(Estimated initial design vari- 
ables) 


Optimal iterative synthesis Design parameters 
Desired performance character- 
istics 
(Estimated initial design vari- 
ables) 


Direct synthesis Design parameters 
Desired performance character- 
istics 


Optimal direct synthesis Design parameters 
Desired performance character- 
istics 


and—since they will not be able to rely heavily upon experi- 
ence as far as the logical decisions and sequence of pro- 
gramming are concerned—they will have to exercise a great 
deal of creative ingenuity and inventiveness. 

Optimal iterative synthesis programs involve the addition 
of still another block of operations to examine each feasible 
design and determine whether or not each is the “best”. 
The logical structure of such a program is far more complex 
than that for other techniques discussed (because of addi- 
tional problems involved in the programming of design- 
variable modifications), so that the program will tend to 
determine the optimum design. 

A summary of the progressive levels of design techniques 
discussed is shown in Table II. 


Some Computer-Assisted Designs 


Representative designs actually achieved on digital com- 
puters, primarily within the realm of rotating electrical 
machines, are presented in this section to illustrate the range 
of. design techniques. (An extensive list of computer-assisted 
designs of electrical apparatus is included in the Bibliog- 
raphy at the end of this article.) 

Analysis Method. The analysis method, as previously 
mentioned, allows the designer to determine performance 
characteristics. The program (7) presented herein was 
originally written for a medium-scale computer. The pro- 
cedure for the design of polyphase induction motors is 
shown in Fig. 2. 

The user specified the input—namely, the rating, core 
dimensions, electrical specifications, rotor dimensions, etc. 
The computer program determined the associated perform- 
ance. The steps involved in this calculation were developed 
by the writers of this program based upon appropriate em- 
pirical knowledge and classical equations of performance. 
The solution was obtained as output. Note that, even in a 
seemingly straightforward analysis calculation, logical de- 
cisions must be made during the execution of the program. 
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IN PLT 


Manipulation Output 


Calculation of performance Performance 
Production of output data characteristics 


(Ee RR 
Assignment of initial design variables Feasible design 
Calculation of performance 
Comparisen with desired performance 
Modification of design variables 
Iteration 
Production of output data 


Assignment of initial design variables | Optimal design 
Calculation of performance 

Comparison with desired performance 

Modification of design variables 

Iteration 

Specification of feasible design 

Evalustion for optimum design 

Modification of design variables 

Iteration 

Production of output data 


One-pass solution of inverted perform- Feasible design 
ance equations 


Solution of inverted performance equa- Optimal design 
tions such that optimization criteria 
are satisfied 


The repeated modification of intermediate variables to 
arrive at their final value, in the manner 


xX 1X4) 


new 


until the difference between two consecutive values of the 
variable is less than a prescribed magnitude, is representa- 
tive of numerical-analysis techniques which are fundamental 
to the application of digital computers. (8, 9, 10) 

Input to the computer is by means of a typewriter key- 
board or punched paper tape. Output is in the form of a 
printed page (by means of an automatic typewriter) or 
new punched paper tape which can, in turn, be printed 
on the typewriter. In this program, only 27 per cent of the 
total time required for the completion of a representative 
run was taken up by the manipulation phase; the remaining 
63 per cent was used by the input-output phases. 

Analysis with Multiple Inputs. One of the dis- 
advantages of the analysis approach is the manifold accesses 
required to the computer before a working design is 
achieved. Often, the actual analysis calculations are per- 
formed on a mass-production basis. Relying upon past ex- 
perience, the engineer specifies a series of input sets for 
the program evaluation. The so-called “families of per- 
formance” calculated may then be studied en masse. Since 
input-output time exceeds the calculation time in a single 
analysis, the cost per calculation is decreased considerably 
by this method. However, although some superfluous per- 
formance calculations may be tolerated, the point of di- 
minishing returns is rapidly reached, and an imprudent 
designer could easily get so much output that useful diges- 
tion of data would be difficult. 

A polyphase induction-motor design routine (/1), written 
for a medium-scale computer, has been especially pro- 
grammed to take advantage of the families-of-performance 
technique. The program accepts input information in the 
form of punched cards, and produces a punched-card output. 
Upon completion of the output phase, the computer is pro- 
grammed to increment the number of turns per coil auto- 
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matically, and to recalculate the performance under this. new 
set of input conditions. This procedure is repeated for each 
value of this variable within a specified set of upper and 
lower limits. By inserting appropriate cards, the computer 
user could also cause other factors, such as stack height, 
pitch, or slot loading, to be automatically varied through 
a given range of values. 

iterative Synthesis Method. A great deal of work 
has been done to establish automatic computational tech- 
niques yielding designs when the input includes not only 
the specification of the apparatus to be designed, but also 
the desired performance characteristics. The program con- 
tains sufficient empirical information to make the selection 
of a set of design variables for a trial design feasible. The 
resulting performance is computed and compared to the 
desired characteristics. When comparison shows that per- 
formance characteristics vary from the desired characteris- 
tics, provision is made in the program itself to change one 
or more selected design variables and to recalculate until 
the resulting performance characteristics are within the 
predetermined tolerances of the desired characteristics. To 
function properly, such a program must be prepared with 
minute attention to every step since all of the decision-making 
is now incorporated therein. 


One iterative synthesis of a design to specification (12) 
will be discussed in some detail. This program is actually 
a revised version of the analysis program for the design of 
induction motors as discussed before. The input phase of 
this program (shown in Fig. 3) is somewhat different, but 
the required specifications are the same as those shown 
in Fig. 2. 

In place of the remaining variables required for the 
predecessor program, the designer now, instead, must 


specify minimal performance criteria in the form of either 
the minimum breakdown torque or the maximum locked- 
rotor current, and also the allowable losses. Other factors, 
such as allowable efficiency, full-load power factor, and/or 


temperatures, etc., may also be specified. 

The manipulation phase first attempts to obtain a trial 
design. A normal flux density is assumed in the stator teeth 
(see block 022 in Fig. 3). The required flux per pole to 
yield this value is computed, and then the effective number 
of conductors, C, needed to provide this flux is determined. 
The exact turns-per-coil needed for the required flux are 
calculated (see block 023 in Fig. 3); then, through a com- 
parison process, either the first combination which will fit 
the requirements is selected or, if all combinations are 
exhausted, the one combination of connection, circuit, and 
throw is selected which will give the least error in either 
direction. By means of a set of elaborate computer instruc- 
tions (wherein even material costs and expected winding 
expenses are taken into account), the intial winding is 
determined. 

When—by the described procedure—an initial trial de- 
sign has been completed, the next step (shown in block 03 
in Fig. 3) is the complete design analysis. Densities, con- 
are calculated simi- 
larly to the procedure shown in Fig. 2. However, because 
of the means in which the design variables were determined, 
a number of difficulties must be anticipated and prevented 
by the programmers. 


stants, performance characteristics, etc., 


The computed value is again compared with the specified 
value. If they are in disparity beyond permissible tolerances, 
the program will transfer control (see block 041, the first 
“modify design” block, in Fig. 3), and a new value is com- 
puted and compared. As soon as the computed and the 
specified values match (within predetermined tolerances) 
the manipulation phase is completed and control is trans- 
ferred to the output phase. This description has been some- 
what simplified, and many possible intermediates have been 
ignored, as examination of Fig. 3 will show. 
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iterative Synthesis Method of Optimum Design. 
A synthesis program, not only to design a product to 
specifications but also to optimize the design, is obviously 
more complex than the method discussed before. As a 
rule, optimal iterative synthesis can be handled most effec- 
tively on large-scale computing machines. An excellent 
example, (13) which was programmed for the IBM 704, 
is illustrated, in simplified form, in Fig. 4. The input is 
essentially the same as the input shown in Fig. 3; but, 
because the increased storage capacity and speed of the 
IBM 704 makes it feasible, there are more types of motor 
parts whick may be automatically selected. Tables of any 
variables that are established as company standards are 
included as an integral part of the design program, and 
are thus available for reference during the manipulation 
phase. For the sake of simplicity, the flow of operations 
in the manipulation phase is modified in the following dis- 
cussion. The table of punching sets, etc., is searched and, 
from the specified input information, sets which might pro- 
duce a satisfactory design are chosen (see block 021 of Fig. 
4) by computing the approximate performance characteris- 
tics, using the best-performing materials in the remainder 
of the design, once for each of the punchings in the table, 
and assuming the maximum core length for each. Perform- 
ance that does not meet specifications is disregarded. Per- 
formance within the specified tolerances initiates another 
performance calculation for the same parts (half way be- 
tween the maximum and minimum possible core lengths 
for this set of laminations). By repeating this procedure, 
the minimum core length is computed. This is classified 
according to machine cost and the least expensive tenta- 
tively permissible punching is selected for the first detailed 
calculation. (See block 022 in Fig. 4). 

The appropriate rotor bar and end-ring materials are 
arranged in order of increasing resistivity (see block 023) 
and the previously determined minimum core length is 
stored as the initial value for the computations to follow 
(see block 024). Similarly, the constants describing copper 
end-ring and damper bars are stored (see block 025). At 
the selected core length, the maximum and minimum values 
of the air-gap flux density are determined (see blocks 026 
and 027). Referring to a table of windings, those fitting 
into the permissible density range are identified and are 
rearranged (see block 028). When the most desirable wind- 
ing is stored (see block 029), the last of the variables 
required for the trial design has been determined. 

The complete performance, using the design variables 
stored, is calculated (block 03). For a satisfactory design, 
cost reduction will be investigated (see block 051), and 
the resulting minimum-cost design (for the material com- 
bination under consideration) is stored (see block 052). 
This is not necessarily the optimum design, and other ma- 
terial combinations may be examined. If the design does 
not meet the required guarantees, the rotar-bar resistivity 
is increased by one step (see block 041), and the calcula- 
tion is repeated (see block 03). Only after all possibilities 
have been exhausted is the next winding on the program 
selected (see block 042); from there, starting again with 
copper end-rings and damper bars (see block 043), the 
performance calculation is repeated. 

After all possible combinations have been tried for the 
last of the punching sets on the program, the costs of all 
feasible designs (see block 052) are compared (see block 
053), and the variables for the indicated lowest-cost design, 
and for those other designs within a predetermined cost 
range, are transferred to the output phase, which consists 
of four pages of printed information for each design. On 
the first page the ratings, the design variables, the per- 
formance, the type of winding, the type of enclosure, etc., 
are presented. On the second and third pages are inter- 
mediate answers and detailed dimensions, such as flux den- 

(Text continues on page 123) 
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Rating: 
Horsepower, line volts, full-load rpm, number of poles, 
etc. 
Core dimensions: 
Number and width of stator ducts, number ond width 
of rotor ducts, core length, shaft material, etc. 
Electrical specifications: 
Connection, number of circuits, throws, turns per coil, 
windings descriptions, etc 
Rotor dimensions: 


Per cent conductivity, bor and ring measurements, 
rotor temperatures, etc 


Laminations: 
Stator punching description, rotor punching descrip 
tion. 


initialize 


Set estimated flux factor and 
locked-rotor secondary current 
to assumed initial values 


compute 


Breakdown torque slip at 
breokdown, full-load slip (from 
full-lood rpm 


compute 


Primory and secondary cur 
rents, horsepower output 


Fig. 2—Flow chart for a polyphase induction motor design by 
the analysis method. [From C. G. Veinott (7).] 


Required specifications 


Horsepower, line volts, number of phases, number of 
poles, full-lood rpm, etc 
Winding information 


Width and depth of form coils or maximum per cent 
fuliness if mush windings, film clad, or cotton or gloss 
fiber wrapping insulation, etc 


Core and rotor 


Core length, ring ond bar dimensions, number and 
dimensions of rotor ducts, etc 


Laminations 
Stator punching description 
rotor punching description 


Required performance characteristics 


Minimum breakdown torque or maximum locked-rotor 
current, maximum stroy-load loss allowable, maximum 


friction and windage loss allowable 


Optional overriding information 


Connection (wye or delta), number of circuits, throws, in 
cremental stock, minimum efficiency, maximum full 


load current, temperature 


MANIPULATION 


compute 


Weight and resistance of pri 
mary winding, magnetic circuit 
dimensions, flux per pole, sta 
tor densities 


Do new and old valves of 
locked-rotor secondary cur 
rent agree within certain 


leemets? 


Reploce locked-rotor second 


ory current with new valve 


Does calculated hp output 
agree with rated valve 


within certarr 


compute 


New valve of ty oad slip 


from compvted hp output 


LLL SLT STE Ae NO a RRA A RE A NN RR ie A et ne a 


MANIPULATION 


Comput 
‘ pute ompvute 


All possible choices of. connec Number of effectrwe conduc 


tion (wye or delta), number of 
circuits, rows, ond order by if 


preference 


a core stock be 
creased? (ls an incrementa 


stack specified? 


Increate 
stock by one 


increment 


Fig. 3— Flow chart for a polyphase in- 
duction motor design by the synthesis 
method. [From C, G. Veinott (12).] 


ors, C, needed to reo 


wa Gentty 


zea nor 
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§ stator tooth density with 


required limits? 


nd stator 


omputed performance 
racteristics agree with 
fied values within cer 


mits? 


Con core stack be ir 
creased? (Is an incremental 


stack specified? 





Fro 


uc 


necessary 


wze 


ns using multiple strands, « 


MANIPULATION 


compute 


Densities in rotor and air gap, 
magnetizing reactance, core 
losses, leakage reactances, re 
sulting flux factor 


tain limits? 


Do new and old values of 
flux factor agree within cer 


Replace flux factor with new 


value 


compute 
compute 
Locked-rotor torque, locked 


rotor amps, resulting locked 


rotor secondary current 


No-load amps and wotts, sec 
ondary resistance for full-load 
conditions, deep bar correc- 
tions, secondary resistance for 


locked-rotor conditions 


compute 


Remaining full-lood perform 
ance factors 


MANIPULATION 


Compute 


Valves of C using successive combinations of connections 
number of circuits and throws, as ordered in block 021 
each together with the valve of the number of turns per 
col, until encountering one valve of C within given liemits 
of desired valve if all combinations ore exhausted, use 
that combination yielding o C coming closest to desired 


valve 


Test for 
kind of winding 
os specified in 


nput dota 


Select 
table, conductor dimen 
consecutive wire 


to limit conductor 


Wire size from table 


Use two 
sizes, if 


needed, to attempt filling slots 


to specified limit of fullness 


Compute 


Performance characteristics 


Do efficiency and full-load 
current meet «pecified 


values,if any are given? 


Increase stock by one incre- 
ment, compute new valve of C 


OUTPUT 


Specifications: 


Circular mils/conductor, copper weight, series conduc- 
tors/ phase, air gap, pole pitch, etc. 


Saturation: 


Flux/pole, effective air gap, stator and rotor densities, 
air-gap density, etc 


Core losses: 
Stator core and teeth losses, surface loss, etc 


Full-loed information: 


Leakage reactances, currents and IR. losses, horse- 


power, efficiency, power factor, rpm, slip, torque, etc 


No-load information: 


Amps and kw, magnetizing reactance, etc 


Locked-rotor information: 


Current, resistance, reactance, impedance, torque, 
leakage reactance, hot and cold secondary resistance, 
etc 


Maximum torque information: 


Leakage reactances, slip, breakdown torque, etc 


OUTPUT 


Performance 


Specifications: 


information 


Circular mils/conductor, copper weight, series conduc- 
tors/ phase, air gap, pole pitch, etc 


Seturation: 


Flux/pole, effective air gap, stator and rotor densities 
air-gop density, etc 


Core losses: 
Stotor core ond teeth losses, surface loss, etc 
Full-load information 


Leakage reactances, currents and I'R losses, horse- 
power, efficiency, power factor, rpm, slip, torque, etc 


No-load information: 
Amps and kw, magnetizing reactance, etc 


Locked-rotor information: 


Current, resistance, reactance, impedance, torque 


leakage reactance, hot and cold secondary resistance 
etc 


Maximum torque information: 


Leakage reactances, slip, breakdown torque, etc 


Dimension information 


Rating: 


Horsepower, line volts, full-load rpm, number of poles, 
etc 


Core dimensions: 


Number and width of stator, number and width of 
rotor ducts, core length, shaft material, etc 


Electrical specifications: 


Connection, number of circuits, throws, turns per coil, 
windings descriptions, etc 


Rotor dimensions: 


Per cent conductivity, bar and ring measurements, 
rotor temperatures, etc. 


Laminations: 


Stator punching description, rotor punching description 
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sities, slot dimensions, damper bar material, etc., and on 
the last page a complete cost analysis. 

An average of 12 min of computer time is required fcr 
a completely optimized design, but considerable time and 
effort is required to create a successful optimal iterative 
synthesis program. Once such a program exists, however, 
it is quite simple, through the strict use of self-contained 
subroutines throughout the flow of the calculation, to in- 
corporate changes in procedures or—much more important— 
changes in costs into the program. 


Conclusion 


The feasibility of using computing machines as tools m 
design procedures has been outlined. Using these complex, 
expensive, but extremely powerful tools, the design engineer 
will unquestionably have to face new demands. In a com- 
puting machine he commands a tool capable of reacting 
only to exact, unambiguous, and complete instructions. 
The designer must clearly understand his process of design 
in order to translate this process into the repetitive pro- 
cedures required by a computer program. The mathematical 
interrelationships between input variables and performance 
specifications must be formalized. Thus, design becomes an 
engineering science, and only the new ideas upon which 


The designer must know specifically what a computing 
machine is capable of analyzing (i.e., stated relations) and 
adjusting (i.e., input variables in a predetermined manner). 
Nevertheless, the design engineer does not have to be a 
computer specialist, becanse there are many methods avail- 
able whereby he can formulate a program. What the design 
engineer must clearly understand is the design problem 
he is attempting to solve and how to create a mathematical 
model. In fact, the designer’s skill in formulating a mathe- 
matical model will be a measure of his potential success 
in using computing machines as a powerful tool. O0O 


Some of the principles upon which this article 
is based were discussed in the following pre- 
viously published Science and Engineering articles: 


© Logic—and Switching Circuits, April 1960 
@ Basic Differential Equations, July 1960 


Both are available in reprint form—see page 170. 


all designs are based remain an engineering art. 
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Linc Die Castings 


In Engineering Design 


A survey report on die-casting design 
considerations, with emphasis on zinc 
types. Properties, effects of environment, 


and design data are investigated. 


ERNEST W. HORVICK 
Engineering Consultant 
American Zinc Institute, INc. 
New York, New York 


ZINC DIE CASTINGS are being designed into appliances, 
business machines, computers, motors, communications 
equipment, instruments and electrical components. Basic- 
ally used for structural members, they include housings, 
moving parts, covers, end bells, fans, bezels, sockets, 
plugs and connectors. 


Die-Casting Process 


Die casting is the process of producing accurately 
dimensional, sharply defined, smooth-surfaced parts by 
forcing molten metal under pressure into metal dies or 
molds. Because die casting is the fastest of all casting 
processes, it is most often employed where rapidity and 
economy in production are essential. The process ranks 
with stamping, die forging, plastics molding, powder 
metallurgy and screw-machine production when large 
quantities of identical parts are required. 

Among the numerous advantages of die castings, the 
following are of special significance: 


e rapid and economical repetitive production in quanti- 
ties from about 1000 castings upward 

e close dimensional limits so that very little, if any, 
machining is needed 

e excellent appearance, with smooth surfaces free from 
irregularities; cost of applied finishes is minimized 
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e sections much thinner than are feasible in sand cast- 
ing; holes so accurately cored that little or no machining 
in the holes is needed 

e mechanical properties superior to those of the same 
or corresponding alloys cast in sand molds 

e compatibility with inserts of other metallic or non- 
metallic materials, either cast in place or applied subse- 
quently. 

e adaptability to integral fastening elements to facili- 
tate rapid assembly with mating parts, often making separate 
fastening parts unnecessary 

e infinite variety of shapes, often quite complex and 
requiring fewer pieces and fewer subsequent operations 
than if made by other means 

e ability to accept and retain a wide variety of finishes, 
including electroplated types, as well as organic coatings. 


High-purity zine alloys have been standardized by 
the American Society for Testing Materials and by the 
Society of Automotive Engineers. Roughly 55 to 65 per 
cent of total die-casting tonnage is in zinc alloys. Of the 
remainder, about three-fourths is estimated to be in alu- 
minum alloys. 


Requirements for a Die-Casting Alloy 


To be satisfactory for die casting, an alloy must fulfill 
a considerable number of specific requirements. These 
requirements may be divided into two groups: (1) those 
which affect the casting operation; and (2) those which 
affect the properties, both mechanical and physical, of 
the casting produced. The interest of the user of die 
castings in the second group is obvious, but the engineer 
and designer will also be directly interested in the first 
group because of the specific relation between the ease 
of casting and the cost and possible design limitations 
which must be considered. 

In order to be castable, the alloy must have sufficient 
fluidity to permit the filling out of fine detail and of thin 
sections as well as the production of good surface texture. 
The alloy must have a minimum tendency to attack mold 
or die parts, both in order to reduce the cost of die- 


(Continued on page 126) 
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Fillets, Ribs, and Corners. Intersecting surfaces form- parting plane in die castings of moderate depth. Shallow 
ing junctions of metal thickness are properly joined die castings may have much smaller fillets, while deep. 
with fillets in order to avoid high stress concentrations pockets and other inside corners may have larger fillets. 
in the die castings and to control and facilitate main- Ribs are used to increase the stiffness of, or add 
tenance of otherwise squared edges in the casting die. strength to, a die casting and to aid in making sound 

In the sketches above, consideration has been given die castings. Ribs are sometimes misused and can be a 
to the stresses of use and to the stresses induced in the detriment if working stresses are concentrated by their 
die castings by the process, as well as to die manufac- use or if stresses at the edges of the ribs are high. 
turing and maintenance costs. The suggestions cover (Source: American Die Casting Institute, Inc., Product 
fillets on corners which are projected normal to the Standards for Die Castings, ADCI-E15-59T.) 
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Table |—Major Groups of Die-Casting Alloys Rated in Approximate Order of Merit 





| Mag- 
Zinc Aluminum nesium 
Selection Factor alloys alloys | alloys 
Mechanical properties | 
Tensile strength 1 2 3 
(strongest) 
Impact strength 1 2 3 
(toughest) | 
Elongation 1 (most 2 2 
ductile) | 
Dimensional stability 1 1 2 
Resistance to cold | 
flow 2 1 1 
Brinell hardness 1 | 2 3 
(hardest) 
Physical constants 
Electrical conduc- 2 1 3 
tivity | (highest) 
Thermal conductivity 2 1 3 
(highest) 
Melting point* 1 | 2 2 
(lowest) | 
Weight, per cu. in. 3 2 1 
(lightest) 





* A low melting point is favorable in reducing die cost and upkeep and facilitates 
casting. 

* Dies for casting the low-melting point alloys are least expensive and have 
longest life. 

+ Includes polishing and buffing expense as well as case of applying al! types of 
commercial finishes, both electrodeposited and organic 

§ Based on die and fuel costs, production speed and machining and finishing costs 

Source, all tables, New Jersey Zinc Company. 


Table t!—Composition Limits for Zinc Alloys in 
ingot Form, ASTM Specifications (B240) 





| 
AG40A | 


(Alloy XXIII) | 


AC41A 


Element (Alloy XXV) 


Aluminum—per cent 


maximum 4.3 4.3 

minimum 3.9 3.9 
Copper—per cent 

maximum 0.10 1.25 

minimum | a 0.75 
Magnesium—per cent 

maximum 0.06 0.06 

minimum 0.03 0.03 
Iron—per cent 

maximum 0.075 0.075 
Lead—per cent 

maximum 0.005 0.005 
Cadmium—per cent 

maximum 0.004 0.004 
Tin—per cent 

maximum 0.002 0.002 
Zinc—per cent remainder | = remainder 





Table ill— Average Mechanical Properties of the 
Zinc Die-Casting Alloys as Cast* 


Properties 


Charpy impact strength, ft-lb on 
jx \ in. bars 

Tensile strength, psi 

Tensile elongation, per cent in 2 in. 

Brinell hardness 








* All properties were measured within 24 br alter casting. 
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Mag- 
Zinc Aluminum nesium 
Selection Factor alloys alloys alloys 
Casting characteristics 
Ease, speed of casting 1 2 2 
(easiest ) 
Max. feasible size 1 2 3 
(greatest) 
Complexity of shape 1 (most 2 3 
complex) 
Dimensional accuracy 1 (most 2 2 
accurate) 
Min. section thickness 1 2 2 
(thinnest) 
Surface smoothness 1 2 2 
(smoothest) 
Cost 
Die costt 1 2 2 
(lowest) 
Production cost 1 2 2 
lowest ) 
Machining cost 1 2 1 
Finishing cost! 1 2 2 
(lowest ) 
Cost per piece§ 1 2 2 
(lowest) 
Extent of use 1 (most 2 3 
used) 


a 


casting machine maintenance and to prevent the migra- 
tion of foreign metal to the alloy. A low melting point 
conserves fuel and minimizes the heat shock on the die 
surface. 

The designer seeks adequate mechanical strength and 
stability of properties in the casting. Good machinability 
is required for those cases in which machining is neces- 
sary. The designer also requires that the casting be 
finished readily by electroplating or with organic ma- 
terials such as lacquer or enamel. 

No single die-casting alloy can meet all the require- 
ments of every die-cast part, otherwise there would be 
no practical commercial use for the others. The three 
major groups of die-casting alloys have been rated in 
approximate order of merit (Table 1) under several 
headings of desirable qualities. Selection of the die- 
casting alloy to be used for a particular application 
would be a matter of considering the most favorable 
balance, according to Table I, of the several essential 
requirements of the part. 


Zinc Alloys 


ASTM AG40A and AC4IA, originally developed by 
The New Jersey Zinc Company, are the only standard 
zinc die-casting alloys in use today. They are made with 
high-grade zinc (99.99* per cent), and the alloying ele- 
ments are very closely controlled as to purity as well 
as quantity. Table II shows the composition limits of these 
alloys. The only difference in composition between the 
two is in the amount of copper, with some resulting dif- 
ferences in properties. 

An extra-pure grade of zinc is necessary to assure a 
very low content of iron, lead, cadmium and tin. It is 
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Table IV—Composition and Properties of Zinc Alloys for Die Casting 





Designation AG40A AC41A 
ASTM XXIII XXV 
SAE 903 925 
General usage Zamak-3 | Zamak-5 

Composition,* % by weight | 
Copper 0.25max | 0.75 to1.25 
Aluminum 3.5 to4.3 3.5 to4.3 
Magnesium | 0.03 to 0.08 | 0.03 to 0.08 
Iron, max. 0.100 0.100 
Lead, max. 0.007 0.007 
Cadmium, max 0.005 0.005 
Tin, max. 0.005 0.005 
Zinc (99.99 + % purity) remainder remainder 


Mechanical properties 


i 


| 

















Charpy impact strength, ft-lb, 

ly & \ in. bar, as cast 43 48 
Charpy impact strength, ft-lb, | 

yx \ in. bar, after 10 yr 


indoor aging 41 40 


Tensile strength, psi, as cast 41,000 47 ,600 
Tensile strength, psi, after 10 

yr indoor aging 35,000 39,300 
Elongation, % in 2 in., as cast 10 7 
Elongation, % in 2 in., after 

10 yr indoor aging 16 13 
Expansion (growth), in./in 

after 10 yr indoor aging 0.00008 0.00007 





also necessary to limit the same impurities in the other 
constituents of alloy composition. Only by such control 
can zinc die castings be produced that are stable in 
dimensions and properties. 

If present in castings in amounts greater than the 
established maxima (e.g., 0.007 per cent Pb, 0.005 per 
cent Cd, 0.005 per cent Sn), impurities cause subsurface 
network corrosion. 

Selection of the zinc alloy depends upon the choice 
of mechanical and other properties as given in Table III. 
The higher copper content of AC41A, for instance, re- 
sults in higher tensile strength and hardness but some- 
what less ductility than that of AG40A. Both, however, 
are quite ductile at room temperature and can easily be 
riveted, swaged, bent or spun at room temperatures. 


Properties of Materials 


Studies of the mechanical properties of zinc-alloy die 
castings were made on specimen shapes conforming to 
requirements of the American Society for Testing Ma- 
terials. A reproducible casting procedure, based on 
present-day commercia! practice, was used to assure that 
all test specimens were exactly alike. Results of these 
tests are summarized in Table IV. 

At freezing temperatures, zinc-alloy die castings have 
about the same impact strength as other die-casting al- 
loys at room temperature (except those with a copper 
base). As the temperature rises to norrnal temperatures 
of service, the impact strength of the zinc alloys increases 
to a substantially higher value—higher than either alum- 
inum or magnesium die castings. 

Tensile elongation increases with temperature. The 
ductility is usually adequate at room temperature for 
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| 
Designation AG40A | AC41A 
ASTM XXIII | XXV 
SAE 903 925 
General usage Zamak-3 Zamak-5 
Other properties and constants | 
(as cast) 
Brinell hardness 82 91 
Compression strength, psi | 60 ,000 87 ,000 
Electrical conductivity, mhos- | 
cm cube at 20 C | 157,000 153 ,000 
Melting point, deg C | 380.9 380 .6 
Melting point, deg F 717.6 717.1 
Modulus of rupture, psi 95 ,000 105 ,000 
Shearing strength, psi | 31,000 | 38 ,000 
Solidification point, deg C 380 .6 380.4 
Solidification point, deg F 717.1 | 716.7 
Specific gravity 6.6 | 6.7 
Specific heat, cal/gm/deg C | 0.10 0.10 
Thermal conductivity, cal/ 
sec/sq cm/cm/deg C at 18 C) 0.27 0.26 
Thermal expansion per deg C | 0.0000274 | 0 .0000274 
Thermal expansion per deg F | 0.0000152 0 .0000152 
Transverse deflection, in. 0.27 0.16 
Density, Ib/cu in. 0.24 | 0.24 





* Composition as provided in ASTM and SAE specifications. The Zamak alloys 
meet these specifications but are held within closer tolerance as to composition 
than those specified. 


riveting, swaging, bending or spinning. However, if 
difficulties are experienced in these forming operations 
at room temperature, they can be minimized through 
the use of slightly elevated temperatures. 

Tensile strength and hardness increase at subnormal 
temperatures and decrease at elevated temperatures. The 


Table V — Mechanical Properties of Zinc 
Die-Casting Alloys at Subnormal and Elevated 


Temperatures 





Testing temperatures 


aan 


-20C| oc lac | aoc 95 C 














-40 C 














Mechanical 
properties 40 F | -4F | 32F | 70F | 104F | 203F 
AG40A | 
Tensile strength, 44,- | 43,- | 41,- | 41,- | 35,- 28,- 

psi | 800 | 700 300 | 000 | 500 | 300 
Impact strength, 

ft-lb, (xX \% 

in. bars } 2 | 4] 2 | 43 | 42 | 40 
Brinell hardness | 91 87 | 82 | 82 | 68 43 
Elongation, per 

cent in 2 in. .s 4| 6| 10 | 16 | 30 
AC4IA | | 
Tensile strength, | 48, | 49,- | 48,- | 47,- | 42,- | 35,- 

psi | 900 | 400 300 | 600 | 900: | 100 
Impact strength, | 

ft-lb, XxX y 

in. bars } 2] 4] 4 | 4 | 4 | 43 
Brinell hardness | 107 | 104 | 99 | 91 | 89 | 62 
Elongation, per | 

cent in 2 in. _ 3 6 | 7 13 | 23 

| | 























Table Vi—Cerrosion Rate of Zinc, Galvanized 
iron and Die-Casting Alloys in Palmerton, Pa. and 
New York City 





Corrosion penetration, in. 





Material | Palmerton New York City 
Rolled zinc 0.000064 0.00028 
Galvanized iron 0.000052 0.00027 
AG40A alloy 0.000078 0.00022 
AC41A alloy 0.000063 0.00028 





Table Vil — Approximate Dimensional and Weight 
Limits for Die Castings in Different Alloys 











Alum- Mag- 

Type of Alloy (base metal) Zinc inum nesium 
Max weight of casting, 1b 35 20 10 
Min wall thickness, 

large castings, in. 0 050 0.080 0.080 
Min wall thickness, small 

castings, in. 0.015 0.050 0.050 
Min variation from drawing 

dimensions per in. of diam 

or length? 0.001* 0.0015* 0.0015* 
Cast threads, max number 

per in., external 24 24 16 
Cast threads, max number 

per in., internal 241 none none 
Min draft on cores, in./in. of 

length or diam 0.003 0 010 0.010 
Min draft on side walls, 

in./in. of length 0.005 0.010 0 008 
Data epply » average conditions. For exceptional conditions, larger castings, 






closer dime mal limits and thinner sections may be feasible 

* Depends onditions. 

? Larger variations may be anticipated across die partings or where fits « 
or cores are involved. 

t Where cheaper than tapping. 





loss of tensile strength at 95 C (203 F) amounts to 30 
per cent of the strength at room temperature, while the 
loss of hardness through this range of temperature 
amounts to 40 per cent. Primarily because of the soft- 
ness of the zinc alloys at elevated temperatures, their 
use is not ordinarily suggested for applications where 
the castings would be continuously exposed to tempera- 
tures above 100 C. 

Some properties of AG40A and AC4IA alloys, at 
elevated and subnormal temperatures, are shown in Table 
V. These alloys have demonstrated excellent resistance 
to atmospheric corrosion. Table VI shows the results 
of ten-year exposure data at two locations having very 
different atmospheric conditions. These results show that 
the rate of corrosion penetration is similar in magnitude 
to those of rolled zinc and galvanized iron. 
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AG40A shows excellent retention of impact strength 
and dimensions at higher temperatures. AC41A has 
greater hardness and tensile strength, but suffers some 
loss of impact strength and some dimensional growth 
when used at temperatures around 100 C and over. At 
normal temperature, there is little choice between the 
two alloys. Both undergo a slight shrinkage on aging, 
about two thirds of the total taking place within five 
weeks. Actually, this change is so small that, for most 
applications, it can be ignored. If machining to very 
close tolerances is required on the part, a heat treat- 
ment of 5 to 10 hr at 85 C will shorten the shrinkage 
period considerably. 


Design Applications 

Engineering design involves two problems: namely, 
the design of the die and the design of the castings. 
Since the manufacturer of the castings is often respon- 
sible for the design of the die he should also be con- 
sulted on the design of the casting. The following is 
intended merely to list some of the necessary consider- 
ations, rather than to explain them. 

Hard and fast rules for die-casting design are im- 
possible, but general principles have been developed 
that can help the designer obtain maximum results with 
zinc die castings. Some typical examples are provided in 
the accompanying panel (see page 125). 

Table VII lists the generally accepted maximum and 
minimum dimensions and weight limits for average con- 
ditions. Maximum size for zinc-alloy die castings de- 
pends largely upon the maximum size of die and die- 
casting machine that it is economically expedient to use. 
No limit on minimum size is known to exist. 

In general, the smaller the size, the lower is the cost 
of both die and die casting. Sections should always be 
of minimum thickness, consistent with ease of casting, 
and providing adequate strength and stiffness. Thin sec- 
tions not only minimize the weight of metal required, 
but speed production rates and are stronger in propor- 
tion to thickness than thicker sections. 

Sections should be made as nearly uniform in thick- 
ness as possible, with gradual increases where changes 
are necessary. The judicious placing of ribs, fillets, 
bosses and studs assists in strengthening thin-wall die 
castings, effecting important cost savings and production 
economies. 

Undercuts, because they involve slides or movable 
cores that substantially increase die cost, should be 
avoided except where advantages offset the higher cost. 
Threads, both external and internal, come in this cate- 
gory and, while they can often be used conveniently when 
cast in, the feasibility of forming threads should be dis- 
cussed with the die-casting engineer. 

Plain flat surfaces of large area should be avoided, 
particularly where smooth finishes are required. Curves, 
crowns, beads, steps or low-relief treatment can be used 
to break up such areas. 

Tolerances, in general, should never be specified closer 
than are actually needed to meet requirements. Ample 
draft allowance must be provided to assure easy re- 
moval of the part from the die. Steel blades, bushings, 
posts, screws and other small pieces can be inserted in 
the die to become an integral part of the die casting. 

In designing zinc-alloy die castings to withstand con- 
stant loads, it must be borne in mind that these alloys 
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do not have recognized elastic moduli or yield strengths. 
Hence, standard engineering formulas used in calculating 
cross sections of elastic materials cannot be used for 
zinc alloys. However, data developed from creep tests 
have been compiled and may be applied with satisfactory 
results.* 


Joining and Finishing 


Zinc die castings can be soldered or welded. However, 
neither process is ordinarily used except in special 
assembly applications or in repair work. 

Soldered joints have low strength. Soldering with the 
usual soft solder is possible only on a_nickel-plated 
surface. A more satisfactory procedure is to use a solder- 
ing alloy of 82.5 per cent Cd and 17.5 per cent Zn, ap- 
plied without a flux. 

Flame welding is best done by means of a reducing 
flame and welding rods made from the same alloy as 
the die casting. Since zinc die castings have a low melt- 
ing point, the flame must be held almost parallel to the 
casting. 

Finishing. Many of the finishes applied to other types 
of metal products can be applied also to die castings, 
although some differences in formulation are desirable, 
as well as occasional differences in the method of appli- 
cation. The types of finishes applicable to zinc die 
castings are as follows: (a) mechanical—buffing, polish- 
ing, brushing and tumbling; (6) electrodeposited— 
copper, nickel, chromium, brass, silver and black nickel; 


*“Creep Data on Die-Cast Zine Alloy,” E. 


H. Keltwer and B. D. Grissinger, 
Trans. AIME, 161, p 466 (1945). 


(c) chemical—chromate, phosphate, molybdate and black 
nickel; (d) organic—enamel, lacquer, paint and varnish. 

Castings can be given mechanical finishes rather easily 
but, unless the surface is protected, tarnishing will occur 
more quickly and be more noticeable than on untreated 
parts. For this reason, mechanical finishes are seldom 
used on zinc die castings, except as a preparatory step 
for other types of finishes. 

Almost all metals capable of electrodeposition can be 
applied to zinc die castings, but coatings of nickel, or of 
copper and nickel, finished with a thin layer of chromium, 
are generally used. All plated coatings, however, are 
somewhat porous, and moisture penetration may corrode 
the base metal. If the plated coatings are too thin, this 
corrosion will destroy the appearance in a short time; 
therefore, the satisfaction and useful life to be expected 
from electrodeposited coatings depends on an adequate 
thickness and proper method of application. 

A great many organic finishes are available, each offer- 
ing some particular advantage, such as color, hardness, 
gloss, adhesion and weathering. Most modern finishes 
are baked for greater durability and adhesion. When 
finishes are baked on zinc-alloy die castings, the proper- 
ties of the castings may be adversely affected if the cast- 
ings are heated for more than 1% hr at 220 C (428 F); 
1 hr at 190 C (374 F); 2 hr at 165 C (329 F); or 3 hr 
at 150 C (302 F). ooo 
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Reset Trigger for SCR in Compact Drive Control 


BARUCH BERMAN, Chief Engineer 
ACF Electronics Division 

ACF Inovustries, INc. 

Paramus, N. J. 


The classic problem with controlled 
rectifiers and magnetic amplifiers using 
phase control has been behavior in the 
zone near minimum output, where 
asymmetrical operation tends to result 
from sensitivity to gate or grid charac- 
teristics. Close matching of components 
can alleviate this difficulty, but this is 
expensive and leads to replacement 
problems. By using reset bias instead 
of MMF bias, each reactor in a full- 
wave circuit for a drive control can be 
provided with its own bias resistors, 
which can be set for stable low-speed 
operation. 

In the continuing demand for im- 
proved static control for motors, stress 
is laid upon flexibility—that is, wide 
range of speed ratio and smooth opera- 
tion at low speed, soft or rapid start, 
acceleration control, good regulation 
at high as well as at low speed under 
varying conditions of load and line 
A new control 


offering exceptional 


compactness and providing the flexi- 
bility factors indicated has been de- 
veloped. The particular circuit for use 
with a d-c motor is shown in Fig. 1; 
the same basic system can be adapted 
for use with servo and other motor 
types. 


Speed Detector 


The function of the detector is to in- 
troduce a signal into the control to 
maintain a preset speed, selected with 
potentiometer R,.. 

For a d-c motor, armature generated 


(counter) EMF is: 


EMF = *2¢10" ots (1) 
where 
d effective air gap flux, lines 
\ armature speed, rpm 
Z : armature active conductors, 


total per path (design factor) 


Applied motor voltage V must equal 
generated EMF plus armature ohmic 
drop, 

} EMF + IR 





Variable-speed drive control, using silicon controlled rectifiers. The entire control 
equipment for motors up to 3 hp is contained in the enclosure and associated remote 


control box shown. 
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where 
I armature current 
R, == armature resistance 


Then, the motor speed equation is: 


v 60 (V IR.) 10° 2) 
Ze 

With field flux constant and /R, kept 
low, speed and EMF are proportional. 
Armature voltage is used as the speed 
indicating signal, and is fed to the 
speed detector circuit. Slight error due 
to armature ohmic voltage drop is com- 
pensated by another network, to be 
described later. For greater accuracy, 
a tachometer generator on the load 
shaft may be used to supply an in- 
dependent speed signal. 

Half-wave power for the reference 
leg of the speed-detector circuit (R 
R,, and Zener diode CR,) is derived 
from the a-c line. Resistor R,, and 
capacitor C, are to filter out the half- 
wave ripple, and also to delay the 
establishment of the reference voltage 
in order to provide smoothly controlled 
acceleration. 

A safety feature is obtained by the 
fact that the motor field is energized 
from the same circuit points as the 
speed reference leg; with loss of field 
power, the reference supply is also lost 
and the controller cuts off. This pre- 
vents motor run-away at no load and 
motor burnout under full load. 

The “sensing” leg of the speed-de- 
tector circuit consists of R,,, Ry», Ry», 
R,, and C,. This acts as a voltage di- 
vider and provides a portion of the 
armature voltage for comparison with 
the voltage established by the speed- 
setting potentiometer, R,., which ob- 
tains its potential from the Zener diode 
CR,. Since improved diode regulation 
derives from higher ratio of series re- 
sistance to diode dynamic impedance, 
provided R,, is properly matched, the 
best voltage stability of CR, is obtained 
by the inclusion of resistance R,,. 

The error signal appears between 
points A and B of the speed-detector 
circuit, Fig. 1, and is applied to the 
control terminals of the trigger pre- 
amplifier. 
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IR compensation 
section (optional) 


Trigger Preamplifier 


The function of this magnetic amp- 
lifer is to deliver a controlled signal 
to the gates of the power stage, this 
phase being proportional to the error 
signal from the speed detector. With 
no signal on terminals C and D, the 
preamplifier delivers minimum output, 
firing angle of the output is 
retarded and will be close to 180 deg 


1.€., the 


Linear operation at low speed is ‘ob- 
tained through the unique biasing 
method employed: each reactor is pro- 
vided with its own bias resistors, which 
is made possible by the fact that reset 
bias is used rather than magnetic bias.* 
The trimming resistors allow independ- 
ent balancing of the trigger output 
phase angle in the most critical areas 
of the operating characteristics (near 
cutoff). Diode CR, prevents control 
current from flowing in such a direc- 
tion as to force the preamplifier to 
operate in the low gain region, as such 
operation can under certain conditions 
produce control. For  in- 
stance, with high motor speed and 
armature EMF, if the speed control is 
set lower, the potential at point A will 
be more positive than at B, and control 
current will flow from A to B. This, 
however, is the direction of current 


erroneous 


* “Statice Current and Voltage Control Systems,” 
B. Berman, Evecreicat Manwractruninc, November 
1959, p 157. i 
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Cy Pilot 





flow which would force the trigger to 
operate in the low-gain region of its 
transfer function, whereas for proper 
operation and fastest response it is 
necessary to cut the control current 
only to zero until the desired speed 
level is reached. Diode CR, blocks as 
soon as A is more positive than B, the 
firing angle is retarded to around 170 
deg, and no power is delivered; the 
motor slows to the desired level. This 
circuit aspect is important in motor 
control because of the long mechanical 
time constant of a motor; the persist- 
ing armature EMF can sustain the 
erroneous signal unless the blocking 
device is employed, and the motor will 
be out of control. The non-linear net- 
work including CR, also improves re- 
spense by allowing the rate network 
consisting of C, and R,, to deliver 
just enough braking signal so that the 
preamplifier will cut off at a pace con- 
sistent with the magnitude of change 
of speed desired, giving a cushioning 
effect. Additional rate effect is obtained 
by closing the loop of an auxiliary con- 
trol winding, connecting points E and 


F. 


SCR Power Stage 


The power stage amplifies the signal 
supplied to the gates of SCR, and 
SCR,, the main control rectifiers. 
Bridge configuration is used to obtain 


Fig. 1 —Control-system circuit. 


full-wave output, and to produce good 
current form at all speeds. The fre- 
quently employed center-tap form of 
circuit requires heavy transformers and 
also has the disadvantage that the con- 
trol elements are the only path avail- 
able for discharge currents. Comple- 
mentary rectifiers are shown as CR,, 


peed , pr 


ey 


rn ~-+-——4——__{ 


Armoture current. omp 


Fig. 2— Typical speed regulation curves 
for control system, with 3-hp motor. 
Armature [R-drop compensation adjusted 
at each speed. 
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and CR,,; to increase the reliability, 
safety and range of inverse voltage 
rating of the bridge rectifiers, CR,. 
and CR.» are provided. 


Compensating Network 

The armature /R-drop compensating 
network is to modify the error in the 
detector control loop in such a mode 


Cascaded ‘‘Variacs’’ 


as to compensate for the difference be- 
tween the counter EMF generated in 
the motor and the terminal voltage sup- 
plied to the sensing leg of the speed 
detector. This correction improves the 
speed-regulation characteristic of the 
control system. With the motor loaded, 
the higher motor current traverses 7’, 
primary, and the resulting current in 
the secondary is rectified by CR,. After 
filtering, the resulting d-c voltage 
across C, (the compensation voltage) 
opposes the sensed terminal voltage 
in the detector circuit. With rising com- 
pensation voltage, point A becomes 
more negative with respect to B, so 
that control current is increased as a 
result of the compensation voltage. 


Make Low-Cost Analog Controller 


AS MACHINE CONTROL SYSTEMS are 
called upon to perform more and more 
complex functions, it would seem al- 
most axiomatic that the systems them- 
selves—and the components that go 
into them—would also of necessity be- 
come more complex and more costly. 
Sometimes it is possible, however, to 
control a complex precision operation 
in a low-cost, yet highly reliable man- 
ner by breaking the complex function 
into a few relatively straightforward 
functions that are well within the capa- 
bilities of simple, rugged devices. 
This can be demonstrated with the 
system developed by engineers of the 
W. F. and John Barnes Company of 
Rockford, IIL, to control the machin- 
ing of surface-of-revolution workpieces 
ranging from outside or inside hemis- 
pheres to ellipsoids, paraboloids, hyper- 
boloids or so-called free forms—while 
maintaining a precision to within 0.0005 


in. of theoretical contour at all points. 
The only control required was a simple 
electromechanical combination of cams 
and commercially available autotrans- 
formers, trade-named Variacs. 

Control simplicity was made possible 
by designing the machine (Fig. 1) so 
that the cutting tool would follow a 
template - described polar - coordinate 
path (Fig. 2) and essentially only two 
functions would be required of the 
controller—maintaining a pre-set con- 
stant cutting speed and an indepen- 
dently pre-set constant feed per revolu- 
tion by varying the speeds of the 
work-spindle drive and the tool-spindle 
drive. 

As shown in Fig. 3 for a hemispheri- 
cal workpiece, the controlled variables 
can be expressed as functions of the 
angular position of the cutting tool. 

In fact, the equations of Fig. 3 can 
be extended to surfaces of revolution 


Fig. 1—The analog controller for this surface-of-revolution 
turning machine maintains desired cutting speed and feed per 
revolution by modulating both the tool-spindle and work- 
spindle drives as a function of tool position relative to work- 


piece. 


Reactor 7, limits controller and 
motor inrush current, and is primarily 
required when the system is to be ap- 
plied to relatively low reactance motors. 


System Features 


Because of high efficiency and the 
use of silicon controlled rectifiers, the 
control is extremely small and com- 
pact: a complete control for motors 
up to 5 hp measures 12 x 10 x 6 in. 
and weighs 16 lb with enclosure. An 
even smaller control is available for 
motors to 1 hp. Being a true speed 
servo, regulation is excellent, as indi- 
cated in Fig. 2. Smooth starting, start- 
ing under load, jogging and inching 
are inherent qualities. Oo0O0O 


Template 


r 
'o0 


Fig. 2-— Basic machining process. Cutting 
tool is rotated 90 deg or so about hori- 
zontal tool-spindle axis from start posi- 
tion at (a) to finish position at (b) 
following a template-described polar-co- 
ordinate path while workpiece turns 
about vertical spindle axis. 


in general by using the form 
Wrom = S-f(a)-1/*D (1) 
Trom = F-g(a)+S-f(a)-1/(eD? 
= Wem F-9(a)-1/"D (2) 


The additional factor g(a) is a func- 
tion of the angle between tangents to 
the surfaces of the actual workpiece 
and a spherical workpiece, which must 
be considered in programming a con- 
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TRANSISTORIZED 
POWER SUPPLIES 
IN A 

NEW 

et Lei a 

POWER 

RANGE 


MODEL $M36-15M 


UPTO 30 AMPS. DC 


UP [0.325 VOLTS DG 


Line/Load regulation, Stability: Less than 0.1%.* 

Recovery time: 50 microseconds 

Operational Simplicity: No optimizing controls, 
range switches. 

Output Voltage control continuously variable 
from O to maximum 

Remote error sensing feature provides means of 
maintaining regulation directly at load. 


Meters optional. To specify metered units, add 
‘M” to Model Nos. given in table 


Moderately priced. 
*0.01% REGULATION ON SPECIAL ORDER 


write for complete specifications 
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he Pco. 131-34 SANFORD AVENUE * FLUSHING 55, N. Y. © IN 1-7000 * TWX # NY 4-5196 


VISIT US AT BOOTHS #422-423 WESCON SHOW LOS ANGELES, CALIF. AUGUST 23-26 


AUGUST 1960 Circle 156 on Inquiry Card 133 





DESIGN Trends 


| A REAL AAET A L E 


stant width of cut. Without going into 
rigorous detail, suffice it to say that 
f(a) and g(a) functions can be com- 
puted for any practical shape of sur- 
face of revolution. 

The above equations, with certain 
limitations, form the basis of the cir- 
cuit of Fig. 4. The parameters S, F 
and D are entered manually as Variac 
settings. Functions f(a) and g(a) take 
the form of cams for translating the 
angular position of the tool spindle into 
Variac settings. The a-c voltage out- 
put of cascaded Variacs (a), (b), (c) 
is the voltage analog solution of Eq 
(1). This is rectified to form the com- 
mand signal of the work-spindle drive. 
The a-c output of transformer (c) is 
also fed to the remaining three cas- 
caded Variacs to provide a voltage 
analog solution to Eq (2), which is 
fed through an isolating transformer 
and rectified to become the tool-spindle 
drive command. 

The compensating circuits shown in 
Fig. 4 are used only when a non-spher- 
ical surface is being machined. For 
spheres, g(a) is 1, so the output of 
transformer (e) is connected directly 
to the isolation transformer. For non- 
spherical surfaces, the output of trans- 
former (/) is fed to the isolating trans- 
former either directly or through a 
step-up transformer, depending on 
whether a “sharp” or “flat” surface is 
being machined. 

In the actual control, limits had to 
be placed on the work-spindle speed 
because f(a) in Eq (1) tends toward 
infinity as a approaches 90 deg. This 
was accomplished by limiting the range 
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Wiom = S seca/wD 


Fig. 3— Derivation of analog control 
equations for a hemispherical surface: 
S is speed of tool relative to work; F is 
feed (width of cut) per revolution of 
workpiece; Wy». is the work-spindle 
speed; and T,,». is the tool-spindle speed. 
<_-« 


Com- programened 


T rpm =- 


> 
Fig. 5 — Outboard end of 

machine with covers re- 

moved to show details of 

spindle drive and mechanical 
feedback. Feedback cams are 
driven through speed-up gears to 
turn 180 deg for 90-deg rotation of 
tool spindle to improve operational 
accuracy. Different sets of cams are 


used for different workpiece shapes. 


of each control element. The f(a) feed- 
back is arbitrarily 
maximum value of 5. The cam for a 
hemispherical surface, for example, is 
made circular for the rest of its travel 
once the sec a has reached 5 (at 78.5 
deg of tool-spindle rotation). Variacs 
(b) and (c) are likewise limited to 


cam limited to a 


Fig. 4—Electromechanical analog control 


S seca/(#0)* outot 


forme 


ranges of 5 to 1, giving the work 
spindle control a range of 5 x 5 x 5, or 
125 to 1. In the tool-spindle control 
circuit, the cascaded transformers are 
allowed to 4to-l 
range; but when superimposed on the 


work-spindle speed-control range, the 


vary only over a 


total tool-spindle speed range becomes 


circuit. Autotransformers (a) and (f) 


are located on machine and actuated by cam followers from cams f(a) and g(a) 
geared to the horizontal tool spindle (see Fig. 5). Autotransformers (b), (c), (d), 
(e) are mounted on control console and manually programmed. Compensating cir- 
cuits are used only when workpiece is non-spherical (see text). 
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Series 2505 


GUARDIA N / Miniature D.C. Relay 


—@ Absolute reliability! Greater control capacity! In this complete, com- 
pact, hermetically sealed unit Guardian gives you amazingly reliable 
performance and extra switching capacity with its 6 pole, double throw 
contact combination plus 5 ampere contacts. You get all this high current 
and greater switching capacity in less than 1 1/2"x 17/32” x 1 7/32” max. 
space. Weight: .23 lbs., maximum. Unit meets or exceeds specifications 
MIL-R-6106-C (Class B) including minimum current, also vibration of 
20 G's to 2000 cycles. Contacts are staked, not welded. Guardian's exclusive 


‘Fluxless Solder’’ sealing prevents internal contamination. Header pins may 
be rotated without damage to glass seal. 


SPEC I 


Operating Voltage: 29 volts de maximum 
Pick-Up Voltage: 18 volts de maximum. 
Nominal Coil Voltage : 24-28 volts dc. 
Coil Current: 200 MA moximum. 
Release Voltage: 0.5 volts minimum 
Contact Combination: 6PDT 

Contact Rating: @ 28 volts dc 
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115 volts—400 cycles 
resistive dc— 5 amp 
inductive dc— 2 amp 
motor dc— 1.5 amp 


FICATION §S 


Contact Bounce: 0.002 seconds maximum. 


Dielectric Strength: Sea level —1000 volts RMS, altitude—350 volts RMS. 
Rated Duty: continuous 


Operating Temperature: — 70°C to +120°C 

Operating Cycle: 50,000 minimum. 

Operating Time: 0.007 seconds maximum. 

Release Time: 0.005 seconds maximum. 

Vibration Acceleration: 20 G's to 2000 CPS 

Weight: .23 Ibs. maximum. 

Applicable Specification: MIL-R-6106-C (Class B-8) including min. current 


Outline Drawings and Qualification Test Reports Available Upon Request 


Visit Guardian's Booth No. 840-841 at 1960 WESCON SHOW 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 
1552-J wW. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
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500 to 1. This control range is modified 
further by change gears in the tool- 
spindle head. 

For exceptionally large- or excep- 
tionally small-diameter workpieces, 
however, these ranges can exceed the 
capabilities of the actual drives. Me- 
chanical interlocks on the control con- 


sole establish a minimum S setting for 
each D setting to prevent (with large 
pieces) calling for a speed below the 
range of the work-spindle motor. To 
prevent work-spindle overspeeding (on 
small parts) a voltage-sensitive relay 
VL (Fig. 4) operates when voltage 
output of transformer (c) goes too 
high. This switches in a pre-set maxi- 
mum-safe-speed signal voltage. 

Putting Precision where Needed. [nthe 
initial design approach it was felt that 
the precision of the speed control 
should match the workpiece precision 
required of the machine. Precision re- 
solvers and amplifiers were seriously 
considered for the computing chain. It 


Nanosecond Current-Pulse Generator 
Produces Fast Rise and Fall Times 


PULSES WITH CURRENTS as high as four 
amperes can be delivered by Model 
1051 Generator (Fig. 1), a product of 
Rese Engineering, Inc., 731 Arch St., 
Philadelphia 6. Pulse widths may be 
10, 20, 50 or 100 nanosec, positive or 
negative, with repetition rates from 50 
to 5000 pps and rise times better than 
5 nanosec. 

Four pulse widths are obtained by 
switching any one of four internal 
coaxial transmission lines to the plate 
of a thyratron. Triggering the thyra- 
tron discharges the appropriate coaxial 
line, generating the desired pulse 
width. A fifth pulse width may be ob- 
tained by adding an external delay line, 


Fig. 2—100-manosec output pulse with 
negative amplitude of 1.5 amp. Sweep is 
left to right at 20 nanosec/cm. 


for which a front-panel connector is 
provided. 

Either synchronous or asynchronous 
operation is possible by using the in- 
ternal clock or an external trigger 
source. A sync pulse, occurring 0.25 
usec before the main pulse, is also 
generated in the event that response 
is to be observed on an oscilloscope. 
Since few oscilloscopes have a band- 
width adequate for observing the 
pulses, connections are usually made 
directly to the vertical deflection plates. 

Since the pulse rise time is less than 
5 manosec at moderate currents, the 
generator may be used for thin mag- 
netic film research and basic magnetic 


Ses pete anew fl til aie ene — —_ 


Fig. 3 — 100-nanosec pulse with negative 
amplitude of 4 amp. Sweep is unchanged. 


Interpretation of Noise Spectrograms 


THERE Is A recognized need for product 
improvement through noise control. In 
product sound evaluation, the modern 
method is to calculate the total acoustic 
power output of the product. If sound 
output is charted over the full audible 
range from 20 to 20,000 cps, many 
components at different frequencies will 
be found. It is the distribution of the 
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energy in these components that de- 
termines the character of a sound and 
identifies the various sources and paths. 
The design engineer must identify the 
sources and paths to take intelligent 
control steps. He must identify pure 
tones, rattles, clicks, and other annoy- 
ing sounds from malfunctioning com- 
ponents. 


became apparent, however, that as long 
as the positional precision of the tool 
path was held to tight limits (by high- 
quality mechanical design and con- 
struction) the cutting speed and feed 
could vary somewhat from their settings 
without causing degradation of surface 
finish. This realization obviated the 
need for precision components in the 
speed-control circuit. »OC 
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Fig. 1— Nanosecond current-pulse gen- 
erator. 


switching development. The high cur- 
rents which are possible make the 
pulse generator effective for analysis 
of high-speed ferrite cores and multi- 
apertured ferrite devices. (See Figs. 2 
through 4 for typical output pulse 


shapes. ) oc 


Fig. 4— 20-nanosec, 4-amp negative out- 
put pulse. Sweep is 20 nanosec/cm. 


Much of this information can be ob- 
tained if the frequency spectrum is 
divided into 30 bands and the sound 
level measured separately. In the Bruel 
& Kjaer Audio Spectrum Analyzer sup- 
plied by B & K_ Instruments, Inc., 
Cleveland, this is done and the traces 
are charted in a form that is readily 
interpreted. Each band is measured for 
1 sec or longer, depending upon the 
scanning speed. The first band records 
the sound level in the frequency renge 
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New Phil-Trol Telephone Type Relay 


FEATURES 200,000,000 


PRECISE MULTI-CONTACTS: 
FAR EXCEEDS INDUSTRY'S =| 
LIFE EXPECTANCY STANDARDS | 


New concepts in relay designing, material 
applications, and extra tough glass teflon 
spring and armature bushings assure the 
test-proven double life of Phillips’ telephone 
type relays. The results are a highly reliable, 
extremely flexible and durable telephone 
relay. 

After two hundred million operations the 
new Phil-Trol relay is still going strong. The 
test pace was a rugged ten pulses per second 
—far exceeding the industry’s life expec- 
tancy standards and normal specifications for 
high quality relays. Insure the continued 
high quality of your products by specifying 
this new Phillips multi-contact relay in your 


PT 
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PHILLIPS CONTROL CORPORATION « JOLIET 1, 


Life Test 
Comparison Curves 
Prove Major Competitive 
Edge Offered In 
New Phillips 
Multi-Contact 
Relay 


LIE IE ES 


RES, 


electronic 
machines. 

This new concept is typical of the daily 
progress made at Phillips. The increased 
design dedication of our engineering staff, 
our production craftsmanship and the desire 
to serve you accurately, promptly, are the 
objectives of the new Phillips management 
team backing up your local representative. 
If you’re looking for quality relays, com- 
petitively priced, call the man from Phillips 
today. He’ll provide you with test proof and 
sample evaluation that is unsurpassed in the 
field. 


equipment and data processing 


ILLINOIS 


A Subsidiary of Allied Paper Corporation 
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14-18 cps, the second band, 18-23 cps, 
and so on through the entire spectrum 
of 30 bands. In Fig. 1, which shows a 
typical 14-octave analysis of a motor- 
driven fan, the small dark marks along 
the top of the chart identify the center- 
frequency positions of each band. 

In this spectrogram the 64cps band 
indicates a relatively high sound level, 


Fig. 1—Onethird oc- 
tave spectrogram of 
noise produced by mo- 
tor-driven fan. 


Fig. 2—Pure tone of 
500 cps added to noise 
source charted in Fig. 1. 


Fig. 3 — Spectrogram of 
pure tone with no back- 
ground noise. 


Fig. 4—Example of 
“beats” set up between 
two organ notes of 330 
and 658 cps. 


also the 160 and 200 bands. It can be 
concluded that this is 60-cycle motor 
noise and the third harmonic. The third 
harmonic (180 cps) appears equally 
in the 160 and 200 bands because the 
component lies directly between the 
two bands and, in effect, is measured 
in both. The remainder of this spectro- 
gram is generally smooth broadband 
with a few transients due to air turbu- 
lence around the fan. 

It is important to be able to identify 
the pure tone components in a sound 
since they are the earmarks of vibra- 
tion, friction and other machinery mal- 
functions as well as being a key factor 
in human annoyance. If the product is 
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to sound pleasing, pure tones of any 
significant level must be modified or 
masked. 

Figure 2 is a spectrogram of the fan 
sound as in previous measurements but 
with the addition of a pure tone of 
500 cps, generated artificially. A curi- 
ous thing here is a change in the upper 
end of the spectrum. There appears to 
be an increase in the 1500- and 2000- 
cps bands and again in the 8000 band. 
Another spectrogram of the blower 
alone (without the pure tone added), 
however, revealed a change in the high 
end (8000 cps especially). The change 
was due to a slight movement of the 
blower housing, causing the pickup 
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MOTOR USER'S CASE HISTORY 


“We've used 
BODINE MOTORS 


or 38 years!”’ 
/ 


i} 
‘ erer 


.. HEDMAN COMPANY 


™* "Yes we started using Bodine Motors about the time John 
Barrymore was breaking records on Broadway with 101 per- 

formances of Hamlet. That was in 1922 . . and we’ve been using 

Bodine Motors ever since. Why? Because we need motors that are small in 
size, sturdily constructed, long lasting, trouble free, and quiet. And they 
have to supply the necessary high torque needed. Over the years we have 
found that Bodine Motors have consistently met these requirements. And, 
there’s another important thing in favor of Bodine: Their engineering staff 
has always been extremely important in helping us with our motor problems.” 


. . C. W. Johnson, vice-president, Hedman Company 


Here's Hedman’s latest application 
of a Bodine Motor! 


This is a Keypunch Protector. It 
consists of a Hedman Royal Key- 
board Check Protector with a 
built-in IBM code key punch 
mechanism. As shown in the 
photo to the right, it automati- 
cally punches the correct amount 
into tab card checks, receipts, 
and register copies at the same 
time it imprints the amount. 
Hedman engineers selected the 
Bodine type VCF-12 motor be- 
cause they need a small, quiet 
motor that will last a long time 
and give trouble-free service. 


Bulletin tells story of late model business machine motor. 

Here's the story of Bodine's latest model business ma- CMe iE) alae Tatty, 
chine motor. . the FSE-23. It's only 2He” high . . weighs ats 

only 1 pound 11 ounces. .and delivers plenty of power. 


It fits into minimum space because it's rectangular in M ee ®o i — 


shape. Ask for your copy of Technical Bulletin #1034. 
Bodine Electric Company, 2506 West Bradley Place, 
Chicago 18, Illinois. 


AUGUST 1960 Circle 159 on Inquiry Card 











DESIGN Trends 





microphone to be directed along a dif- 
ferent axis, thereby sensing more of 
the high-frequency sound from the air 
turbulence around the fan-blade edges. 
The increase in the 1500- and 2000- 
cps bands was due to the generation 
of third and fourth harmonics in the 
500-cps pure tone sound. The import- 
tance of directivity in a sound source 
is emphasized, also the need for analy- 
sis as well overall measuring methods. 

Figure 3 is a recording of a pure 
tone with no background sound. A 
sound such as this might be found in 
a siren-like device, but rarely as iso- 
lated. The step pattern is due to the 
influence of the tone on the adjacent 
¥%-octave bands. This influence is at a 
level so much lower than the peak, 
that in practice it could be ignored. 
By not ignoring it, however, additional 
information may be gleaned from the 
spectrogram. For example, the band 
to the right of the 200-cps band is at 
a higher level than the band to the left. 
This reveals that the pure tone is 
slightly higher than 200 cps. The two 
bands at the extreme right and left 
should be ignored since the levels are 
too low to be reliable. 


One of the most annoying sounds 
from rotational machinery is caused 
by two or more pure tones which are 
almost at the same frequency. The re- 
sult is a “beat note,” an alternately 
loud and soft sound (re-inforcement 
and cancellation of the two tones) caus- 
ing much irritation to the listener, 
especially if the sound is in the lower- 
frequency range. It seems peculiar that 
the character of musical sounds is en- 
hanced by beats (tremolo, vibrato, etc. ) 
and the sound of machinery or appli- 
ances is degraded by the beat. It hap- 
pens sometimes that beats are present 
in an apparatus but are not at signifi- 
cant levels until the apparatus is placed 
in an environment which causes ampli- 
fication or radiation of the sound. For 
this reason the designer should use 
instruments to detect the potential an- 
noying sound. Beat notes can be found 
in almost any rotational machinery. 

A novel source has been chosen to 
demonstrate this beat effect (Fig. 4) 
because of its complexity of harmonics 
and beat notes, but the principle of 
chart interpretation is identical to that 
created by machinery noises. The 
source is two notes on a reed organ, 
one a full octave above the other. The 
lower note, El, has its fundamental at 
330 cps; the upper, E2, at approxi- 
mately 658 cps. There is also a high- 
frequency squeek from the organ bel- 
lows pump which results in a periodic 
transient. It is possible to determine 
much from this spectrogram without 
further information. 
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The fundamental of El is clearly 
indicated in the 320-cps filter band and 
has an influence in the next band (400- 
cps). It can be concluded then that 
the tone is higher than 320 cps. The 
fundamental of E2 is indicated at the 
630-cps band, also the second harmonic 
of El. Note the periodic pulsing (beat) 
within this band between the El second 
harmonic (660 cps) and the E2 fun- 
damental (658 eps). The beat fre- 
quency may roughly be calculated, 
knowing the chart speed. 

The strong component in the 1000 
band is the third harmonic of El (990 
cps). It is only approximately 2 db 
down from the fundamental. If E2 were 
generating a second harmonic of sig- 
nificant level, it would occur in the 
1250-cps band, but it does not. There is 
clearly a beat note in the 2000-cps 
band of about 6 cps. It is the third 
harmonic of E2 (1974 cps) and the 
sixth harmonic of El (1980 cps). There 
are beats in the next band or two, but 
they are not distinct. 

In the region 5 to 10 ke, “spikes” 
occur at a regular rate but in different 
bands. The shape is different from that 
of the pulses in the 630 band (they 
are sharp on top—do not exhibit 
characteristics of sine wave). These are 
transients from the bellows squeak. 

The 14-octave spectrograms illus- 
trated are copies of actual recordings 
taken with the B & K 3311 instrument. 
Most investigative studies for product 
improvement and redesign are made in 


14-octave bands or narrower. ©OOO 





Prediction of ‘‘Single-Phasing’’ 
Performance of Induction Motor 


M. G. REKOFF, JR., Assistant Professor 
Department of Electrical Engineering 

A & M Coutece or Texas 

College Station, Texas 


It IS FREQUENTLY desirable to be able 
to determine the conditions under 
which an induction motor will develop 
a torque in the direction of rotation 
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Fig. 1 — Positive- and negative-sequence 
equivalent circuits of induction motor 
connected to represent single-phase 
operation. 
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with only one winding excited and 
the rotor possessing an initial velocity, 
using equivalent circuit parameters. It 
is assumed that the torque due to wind- 
age and friction is zero. By using the 
positive and negative sequence equiva- 
lent circuits connected to represent 
the single-phase excitation condition as 
shown in Fig. 1, one can obtain a 
measure of the torque produced by 
determining the power crossing the air 
gap. For convenience in calculations, 
this equivalent circuit is reduced to 
the form shown in Fig. 2. 

The motor will not produce a torque 
in the direction of rotation when ex- 
cited single phase if the positive se- 
quence component of torque (7,) is 
equal to or less than the negative se- 
quence component of torque (7,) ; i.e., 
T, 2 T;. The condition for zero 
torque or a torque developed opposite 
to the direction of rotation can be 
expressed in terms of the component 
air-gap powers since the component 


torques are directly proportional to 
these component air-gap powers: 


P, 2 P 
WP R21? R 
R2R 


The resistance R, of Fig. 2 can be 
determined from Fig. 1, where s de- 


x 
°° 


Fig. 2— Simplified equivalent circuit of 
induction motor, single-phase excitation. 
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The American Brass Company 
Waterbury 20, Conn. =i 


Please send me a copy of your 8-page eis 
booklet which details properties of your = a 
four free-cutting, high-conductivity cop- "™em.2 
pers, and suggested machining practices. 





4 ways to cut the cost of high-conductivity parts 


There are now four free-cutting, high-conductivity 
Anaconda coppers that broaden the combinations of 
mechanical, physical, and fabricating properties avail- 
able for boosting production and cutting costs of high- 
conductivity parts. They are furnished chiefly in rod 
and bar, but are available also as extruded shapes and, 
except for the leaded coppers, die-pressed forgings of 
simple design. All have good cold-working properties. 


Leaded Copper-126 and Deoxidized Leaded Copper- 
129 have slightly higher electrical conductivity—98% 
IACS annealed, 95% LACS, minimum. The difference 
between them is that Alloy 129, being deoxidized, is not 
subject to hydrogen embrittlement when annealed or 
furnace-brazed in reducing atmospheres. Neither leaded 
alloy is recommended for hot working. 


Tellurium Copper-127 and OFHC* Sulfur Copper have 
an electrical conductivity rating of 95° IACS annealed, 
90% minimum. Both may be extensively hot worked 
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and neither is subject to hydrogen embrittlement. 
Tellurium Copper-127 has the advantage of retaining its 
mechanical properties at temperatures higher than those 
tolerated by the other free-cutting coppers—and hence 
is widely used in the welding and cutting-tip field. 
The free-cutting coppers may be machined at cutting 
speeds approaching those used for machining Free- 
Cutting Brass. For Tellurium Copper-127, however, 
carbide-tipped tools are recommended as the inherent 
copper telluride particles cause somewhat greater 
COO] WERT. — emagtsterad Tratemert of Amertenn Motsi Ctlman, Bes 6047 Rev 
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“a o ¥ ‘2 wy a 


FREE-CUTTING HIGH-CONDUCTIVITY 


COPPER PRODUCTS 
Made by The American Brass Company 
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notes the slip at which the motor is 
operating: 





JZ m — + JZ, 
R,= Re — 
P) 
7 ley +20) 
s 
ee 
IZm — +) 
om) 
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s 
Zn? 
as. (2, -_ Zn) 
j s 
Pr, 


In‘ which “Re” denotes “real part of” 
and x,. = x2 + Xm. 

In a like manner, the resistance R, 
can be determined. 





a 
“pee (2 = Zm) 
R, = - ee 
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Substituting these values for R, and R, 
into Eq (1) for values of slip where 
0..<-.2e-.is 


(2 —s) 8 
——— 2- mennereRenEe _ 
., (2 — 8)? ,* 
1 + (z,,)’ ; c 1 + (z,,)’—> 


If Q is defined as x,,/r., where Q is a 
measure of the reactance and resist- 
ance in the rotor loops of the equiva- 
lent circuit, then by substitution: 


(2 —s) > s 
1+(2-—s’'@~1+s@ 


This inequality must be solved in terms 
of Q or Q* in order to find the 
constraint on the equivalent-circuit 
parameters that will result in a zero 
torque or in a torque developed op- 
posite to the direction of rotation. 


: 1 
v= —_ (2) 
s(2 —s) 
where 
0<s<!1 


This relation is shown as a graph 
in Fig. 3, where slip is specified in 
terms of the direction of rotation. 

In Fig. 3 the condition where 

s(2—s)@°= 1 

for a given slip s constitutes the 
boundary between the values of @Q? 
where torque is produced in the 
direction of rotation and where torque 
is produced opposite to the direction 
of rotation. This boundary marks the 
condition where P; = P, or where 
the net torque is zero. 

If the Q? of a specific motor has a 
value at a given slip such that this 
value falls into the cross-hatched area 





Fig. 3— Boundary torque conditions of 
induction motor in single-phase operation. 


or on the boundary, the motor will 
not run under single-phase excitation 
for that value of slip since the torque 
produced under these conditions is 
either opposite to the direction of ro- 
tation or zero (P, = P,;). 

If the Q* of the motor at a given 
slip has a value which falls outside 
the cross-hatched area and not on the 
boundary, then the motor will continue 
to run since the torque produced is in 
the direction of rotation (P, = P,). 

Note that the boundary P, = P, is 
extended for all values of Q* when the 
slip is one, which leads to the well- 
known result that no net torque is 
produced in an induction motor ex- 
cited single-phase when the rotor has 
zero speed. 

As a subsidiary result, it can also 
be concluded that the no-load speed of 
a given induction motor operating with 
single-phase excitation is determined 
by its Q* as well as its windage and 
friction. O00 





Thermoelectric Cooler 


A MATERIAL DESIGNATED “Neelium S” 
by the manufacturer is a semiconductor 
alloy consisting of bismuth, tellurium, 
selenium, and antimony. It is used in 
the fabrication of thermocouples which 
are said to be capable of withstanding 
severe environmental conditions. Con- 
trary to current zone-melted materials, 
which are sensitive to vibration and 
thermal shock, the processing of 
Neelium S yields a thermoelement said 
to retain its characteristics under 
shock, vibration, temperature extremes, 
current overloading and/or cycling. A 
typical value for the figure of merit, Z, 
of Neelium is 3 X 10°*/deg C, meas- 
ured with the hot junction at +55 C. 
The same conditions provide a cold- 
junction temperature of —25 C. Rep- 
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resentative characteristics of the ma- 
terial are: thermoelectric power, 180 
pvolts/deg C; electrical conductivity, 
1400 mhos/cm; thermal conductivity, 
3.8 * 10° cal/cm/sec/deg C. 

An eight-thermocouple “Frigistor” 
Module F-8, employing Neelium, is 
shown in Fig. 1. Its heat-pumping 
capacity is as high as 10 to 15 watts. 
The F-8 Frigistor has sixteen 4 x 4x 4 
mm Neelium branches, each with an 
optimum current rating of 10 amp. 

A further application of the material 
is in a 5 to 8 cu ft refrigerator which 
would use 180 single-unit F-1 Frigistors 
and consume 10 amp at 12 volts d-c. 

The material and devices are prod- 
ucts of Needco Cooling Semiconduc- 
tors, Ltd., Montreal, Canada. Further 
information is available from its sub- 
sidiary, General Thermoelectric Corp., 
Box 253, Princeton, N. J. OOO 





Fig. 1 — Encapsulated F-8 Frigistor mod- 
ule, shown beside germanium transistor 
which may be cooled by such a device, is 
1x 1x &% in. in size. Eight exposed 
copper connector bars, the heat-transmis- 
sion elements, are visible on the top sur- 
face of the Frigistor. Neelium semicon- 
ductor used in thermoelectric cooler 
withstands ambients to 160 C, with special 
types capable of 300-C operation. 
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This is what Leartron 60 series electronic servo positioners offer 

industry: instantaneous system response with pinpoint accuracy 
designed and packaged for economy and ease of installation and maintenance. 
Adaptable to a wide variety of industrial uses, these systems are 
providing new levels of performance. Why not put Lear components 
and systems engineering to the test yourself? 


Write or call direct, GL 1-1555—extensions 272 or 310. 





. . in- i ti J 
industrial products Aa in-use application of a Leartron 
positioning system on a vertical lathe 


ELECTRO-MECHANICAL DIVISION for remote machining within a radio- 


: been active area. 
110 lonia Avenue, N.W., Grand Rapids 2, Michigan 
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ASSOCIATION Activities 


1960 Electrical Insulation Application Conference 
Features Technical Sessions on Fundamentals 


An innovation in the program of this 
year’s National Conference on the Ap- 
plication of Electrical Insulation will 
be the introduction of two special tech- 
nical sessions designed to relate the 
fundamentals of electrical insulation to 
the practical application of these funda- 
mentals. The purpose of this program 
feature is to provide improved under- 
standing and communication between 
materials research, design engineering 
and the marketer of electrical insula- 
tion materials. 

The first session is entitled “Molecu- 
lar Key to Electrical Insulation Prop- 
erties,” under the chairmanship of 
Alex. E. Javitz. Special Features Editor 
of ExvecrricaL Manuracturinc. The 
session consists of the following 
papers: “The Need to Know,” Prof. 
N. B. Bashara, Dept. of Electrical Eng., 
University of Nebr.; “The Molecular 
Blocks of Insulating Materials,” Dr. 
Jack Swiss, manager, Insulation Dept.. 
Westinghouse Research Laboratories; 
“The Relationship of Molecular Struc- 
ture to Properties of Gaseous and 
Liquid Dielectrics,” Dr. H. B. Pfeiffer, 
manager of Dielectric Studies Unit, 
General Electric Research Laboratory; 
“The Relationship of Molecular Struc- 
ture to Properties of Solid Dielectrics,” 
Prof. C. R. Vail, chairman, Dept. of 
Electrical Eng., Duke University; and 
“Molecular Considerations in Selection 
of Composite Insulating Materials and 
Insulation Systems,” Dr. A. J. Warner, 
manager, Research and Development, 
Aerovox Corp. 

The second session, under the chair- 
manship of G. L. Moses, manager, Serv- 
ices Engineering, Large Rotating Ap- 
paratus Dept., Westinghouse Electric 
Corp., is entitled “Guideposts to the 
Application of Electrical Insulation.” 
This session is aimed at the marketers 
of electrical insulation and will deline- 
ate the proper use of electrical insu- 
lation in transformers, electronics and 
rotating machinery. These subjects will 
be covered by Prof. M. L. Manning, 
dean of engineering, South Dakota 
College, speaking on “Fundamentals 
of Insulating Transformers”; “Funda- 
mentals of Insulating Motors,” Robert 
Kaplan, manager, Cost Reduction, 
Louis Allis Co.; and “Electrical Insula- 
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ting Materials,” Dr. Gordon Gaine, 
Research Laboratories, Westinghouse 
Electric Corp. 2 

These two fields are part of a three- 
day technical program to be held at the 
Conrad Hilton Hotel in Chicago, De- 
cember 5-8, 1960. 


August Brings Yearly WESCON 
Sessions 


More than 200 authorities in the field 
of electronics and related areas will 
participate in the forty convention 
sessions of WESCON, to be held in 
Los Angeles August 23-26. There will 
be contributed papers, tutorial papers. 
symposia, panel discussions, invited 
speakers, and four workshop sessions 
on manned machine systems. 


Call for Computer Papers Issued 


Abstracts of technical papers proposed 
for the tenth annual Eastern Joint 
Computer Conference should be sub- 
mitted by August 13 to the technical 
program chairman, Elmer C. Kubie, 
Computer Usage Co., Inc., 18 E. 41 St., 
New York 17. Subject matter should 
be recent achievements or techniques 
in the design and use of computing 
equipment. The conference will be 
held December 13-15 at the Hotel New 
Yorker and Manhattan Center, New 


York City. 


Gear Manufacturers Association 
Names Officers, Presents Award 


The new president of the American 
Gear Manufacturers Association is 
James F. Murray, president of Win- 
smith, Inc. The vice president of the 
products division is Charles F. Bannan, 
Western Gear Corp., while the vice 
president of the technical division of 
the association is Folke Richardz, 
Gearing Products, Westinghouse Elec- 
tric Corp. 

The 1960 recipient of the Edward 
P. Connell Award is E. J. Wellaur, 
director of research and development 
for the Falk Corp. He was presented 
the award for his contributions in the 
field of gear strength and durability 
ratings. 


New NBS Laboratories Planned 


Work will begin during the next 12 
months on site development and con- 
struction of the first buildings for the 
new relocated National Bureau of 
Standards laboratories at Gaithersburg. 
Md. In addition to site preparation and 
installation of utilities, the first phase 
will include construction of an engi- 
neering mechanics laboratory, a radia- 
tion physics laboratory and power 
plant. These two laboratory buildings 
were given priority among the 20 
buildings to be constructed in the re- 
location program because of their ur- 
gency in national science activities. 


Automation Standardization 
Conference Planned 


Electronic Industries Association and 
National Electrical Manufacturers As- 
sociation have requested that the 
American Standards Association call a 
general conference on automation 
standardizaiton. At the conference, 
scheduled for September 20 at ASA 
headquarters, there will be a discus- 
sion of the problem and its possible 
solution through ASA. 


Human Factors 
Manuscripts Solicited 
The March 1961 issue of JRE Trans- 


actions will be devoted to “Automation 
of Human Functions” and manuscripts 
for the issue are being solicited. The 
topic of the issue includes all tech- 
niques whereby the load on the human 
operator of electronic systems mav be 
lessened through increased automation 
of his task. 

Manuscripts must be received by Oc- 
tober 1960 and should be submitted to 
Dr. Thomas Marill, Bolt Beranek and 
Newman, Inc., 50 Moulton St., Cam- 
bridge 38, Mass. 


Environmental Testing Seminar 


Ling Electronics Div. of Ling-Altec 
Electronics, Inc., has begun a series of 
lectures on vibration testing in Ana- 
heim, Calif. The course covers sine- 
wave, complex-sine and random vibra- 
tion, with laboratory demonstrations. 
Additional information on the Septem- 
ber 12-23 session is available from 
Study in Vibrations Registrar, Ling 
Electronics Div., Ling-Altec Electron- 
ics, Inc., 1515 S. Manchester Ave., 
Anaheim, Calif. 


Reliability Training Conferences 


Two Reliability Training Conferences 
(sponsored by the American Society 
for Quality Control and the Electronic 
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1001 
lead wires 
in stock 


all types, sizes, insulations, 
colors, temperature ranges 


by Belden 


Over fifty million feet of lead 
wire is in stock... 
available for immediate shipment 


Ask for Belden Lead Wire 
Catalog L59 


WIREMAKER FOR INI r 
Te 02 
P 


magnet wire + power supply cords + 
cord sets + portable cordage + 
control cables « electronic wire 





NYLON BANANA 
PLUG 
Arvugged, high voltage 
insulcted plug for a 
wide variety of ap- 

plications. 


NYLON sss. 
CONNECTORS 


These rugged Johnson connectors are 
molded of tough, low-loss shockproof nylon 
—and will not chip or crack, even when 
subjected to extreme tcmperature changes 
or severe mechanical stress. Nylon provides 
high voltage insulation, with voltage break- 
downs up to 12,500 volts DC. Metal clad 
tip jack meets MIL specifications (full speci- 
fications available on request). All con- 
nectors are designed for fast, easy mounting 
—and are available in 13 bright colors for 
coded applications. 


OTHER 
CONNECTORS 


; Johnson also 
NEW monufactures a 
complete line of 
ton r - 
DUAL BANANA stenderé con 
nectors. For infor- 
PLUG : ; 
mation, write for 
Solderiess design, tough Samana 
shock resistant nylon body ow Sewer com- 
retains strength ond low- ponents catalog. 
loss choracteristics over a 
wide range of temperature 


ond high relotive humidity 
conditions. Avoiloble in 13 


Write today for our newest 
electronic components 
catalog — complete 
specifications, engineering 
prints ond current prices on 


COMPONENT 
LINES 








CALENDAR 


_ SEPTEMBER 


SmMTtTWTF Ss 


Aug. 9-12 — Pacific General Meet- 
ing of AIEE, El Cortez Hotel, San 
Diego, Calif. 


Aug. 23-25—Association of Com 
puting Machinery, National Con 
ference, Marquette University, Mil- 
waukee, Wis. 


Aug. 23-26 — Western Electronics 
Show and Convention, Ambassador 
Hotel, Memorial Sports Arena, Los 
Angeles 


Sept. 6-16 — Machine Tool Exposi- 
tion and Production Engineering 
Show (sponsored by NMTBA), In- 
ternational Amphitheatre and Navy 
Pier, Chicago 


Sept. 7-8 Electronic Industries 
Association Conference on Value 
Engineering, Disneyland Hotel, Ana 
heim, Calif 


Sept. 7-9 Joint Automatic Con 
trol Conference (sponsored by 
AIChE, AIEE, ASME, IRE and 
ISA), Massachusetts Institute of 
Technology, Cambridge, Mass 


Sept. 14-15-—Joint Military-Indus- 
trial Test Equipment Symposium, 
Museum of Science and Industry, 
Chicago 


Sept. 19-21 National Symposium 
on Space Electronics and Telemetry, 
Shoreham Hotel, Washington, D.( 


Sept. 21-22—Industrial Electronics 
Symposium (sponsored by AIEE 
and IRE), Sheraton-Cleveland Hotel, 
Cleveland, Ohio 


Sept. 22 Technical Conference 
on Plastics in Business Machines 
(sponsored by Society of Plastics 
Engineers), Sheraton Inn, Bing- 
hamton, N. Y. 


Sept. 26-28—Standards Engineers 
Society Annual Meeting, Hilton 
Hotel, Pittsburgh, Pa 


Sept. 26-30 Instrument Society 
of America International Conference 
ind Exhibit, New York Coliseum, 
Hotel New Yorker, New York 


of Meetings 


OCTOBER NOVEMBER 
SmMmMirwrtrs 

- + «* «+ © i 
2345678 
9 10 11 12131415 
16 17 18 19 20 21 22 
23 24 25 26 27 28 
acs ax oe ue we 


Oct. 3-5 National Communica 
tions Symposium (sponsored by 
IRE}, Hotel Utica and Utica Mem 
orial Auditorium, Utica, N. Y. 


Oct. 3-5 Annual Meeting of the 
IRE Professional Group on Nuclear 
Science, Gatlinburg, Tenn 


Oct. 4-6 Conference ¢ on Radic 
Interference Reduction, Museum of 
Science and Industry, Chicago 


Oct. 10-12 National Electronics 
Conference (sponsored by AIEE, 
EIA, IRE and SMPTE), Hotel 


Sherman, Chicago 


Oct. 13-14 Society of the Plas 
tics Industry New England Section 
Conference, Wentworth-by-the-Sea, 
Portsmouth, N. H 


Oct. 17-19--Annual Meeting of the 
Conference on Electrical Insulation 
(National Academy of Sciences 
National Research Council), Shore 
ham Hotel, Washington, D. C 


Oct. 17-19-—-Symposium on Adap 
tive Control Systems (sponsored by 
IRE), Garden City Hotel, Garden 
7 et ee 


Oct. 17-21 National Metal Ex 
position and Congress (sponsored 
by American Society for Metals}, 
Trade and Convention Center, Phil 
adelphia 


Oct. 24.26 East Coast Confer 
ence on Aeronautical and Naviga 
tional Electronics (sponsored = by 
IRE), Lord Baltimore Hotel, Balti 
more, Md 


Oct. 26-27 Computer Applica 
tions Symposium (sponsored — by 
Armour Research Foundation of 
IIiinois Institute of Technology) 


Morrison Hotel, Chicago 


Oct. 26-28 Annual Conference 
on Non-Linear Magnetics and Mag 
netic Amplifiers (sponsored by AIEI 
ind IRE), Bellevue-Stratford Hotel, 
Philadelphia 


¢ Capacitors * Tube sockets ¢ Connectors ¢ Pilot ses Acsociz are sche » i . aine . S » 
lights © Insul s © Knobs, Dials © Inductors © Industrie A ociation ) are 4 heduled m iy be obtained from He nry ‘ chiffle tt, 
Hardware for this year. The first is to be held Texas Instruments, Inc., Box 3-12, Dal- 


September 11-17 in Dallas, Texas, las, Texas. Contact John Duggan, Ben- 


“1 E.F. JOHNSON CO. while the next will be in Kansas City, dix Corp., Box 1159, Kansas City 41, 
} 2308 2nd Ave. S.W.* Waseca, Minn. October 10-15. Information on the first 


(Continued on page 149) 
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Look behind this big saving in parts on the auto contact 
points made by Shurhit Products Inc., Waukegan, Illinois. 
One Truare Ring replaced an expensive special purpose 
fastener. Another eliminated a clip and retaining plate which 
were 4 times more expensive and difficult to assemble. A third 
replaced a special purpose nut. 

Equally important, besides simplifying and improving 
design, Shurhit reduced the over-all size of its auto points 
by %” and reduced assembly time by 50%. Savings: $60 per 
1000 units. Let Truarc Rings help cut your basic manufac- 
turing cost by simplifying design and making assembly faster 
and easier. Rings often contribute highly saleable compact- 
ness as well! 

WHY TRUARC RINGS BELONG ON YOUR PRODUCT 
They offer a simple and effective way to locate, retain or lock 
components in place. They fit into grooves inside bores and 
housings. They work as effectively on shafts or studs (some 
without grooves). 

More than a fastener! Truarc Rings act as a component by 
replacing machined shoulders, threaded fasteners, rivets and 
other fastening devices. What’s more, they often eliminate 


9 OUT OF 10 PRODUCTS CAN BE 
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TRUARC 
DESIGN 


ry © 


threading, tapping, drilling and other machining operations. 
Available in SO types (some with up to 98 sizes), in 6 metals, 
and 13 finishes—Truare Retaining Rings can be conveniently 
ordered from more than 100 stocking points throughout the 
U.S. A. and Canada. 

Read about the impact of Truarc Rings on more than 70 dif- 
ferent designs (your product type may be among them) in 
our Catalog RR 10-58. For immediate action call your nearest 
Authorized Truarc Distributor. Look under “Rings, Retain- 
ing” in the Classified Telephone Directory. °.1 


Z7~ WALDES 


x TRUARC* 
RETAINING RINGS 


WALDES KOHINOOR, INC., 
47-16 Auste! Place, Long isiand City 1, N. Y. 


IMPROVED WITH TRUARC RETAINING RINGS 


© ie60 waroes conmoon, inc. 
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PUTTING MAGNETICS TO WORK 


How to build a better (audio signal) trap! 


Magnetics Inc. permalloy powder cores give filter designers new attenuation 
and stability standards—and miniaturization to boot! 


The art of trapping unwanted frequencies has been 
advanced during the past year with a succession of im- 
provements in molybdenum permalloy powder cores by 
Magnetics Inc. Most audio filter designers now work 
with smaller cores, more stable cores and cores whose 
attenuation characteristics are ultra-sharp. Do you? 


Do you, for example, specify our 160-mu cores when 
space is a problem? With this higher inductance, you 
need at least 10 percent fewer turns for a given inductance 
than with the 125-mu core. What’s more, you can use 
heavier wire, and thus cut down d-c resistance. 


What about temperature stability? Our linear cores are 
used with polystyrene capacitors, cutting costs in half 
compared to temperature stabilized moly-permalloy cores 
with silvered mica capacitors. Yet frequency stability over 
a wide swing in ambient temperatures is increased! 


And what do you specify when you must rigidly define 
channel cut-offs, with sharp, permanent attenuation at 
channel crossovers? Our moly-permalloy cores have vir- 
tually no resistive component, so there is almost no core 
loss. The resultant high Q means sharp attenuation of 
blocked frequencies in high anc low band pass ranges. 


Why not write for complete information? Like all of our 
components, molybdenum permalloy powder cores are 
performance-guaranteed to standards unsurpassed in the 
industry. Magnetics Inc., Dept. EM-82, Butler, Pa, 


MAGNETICS inc. 


oon - « 4 


VISIT OUR BOOTH 521-522 AT THE WESCON SHOW 
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Mo., for details on the October con- 
lerence. 


American Nuclear Society 
President Elected 


Dr. Miles C. Leverett, manager, devel- 
opment laboratories, for the General 
Electric Aircraft Nuclear Propulsion 
Department of Cincinnati, Ohio, has 
been named president of the American 
Nuclear Society for 1960-1961. 


Call for IRE Convention Papers 


Prospective authors of technical pa- 
pers to be presented at the 196] IRE 
International Convention should submit 
a 100-word abstract in triplicate, a 
500-word summary in triplicate, and 
indicate in which technical field the 
paper falls, not later than October 21, 
1960. All material should be addressed 
to Dr. Gordon K. Teal, 1961 Technical 
Program Committee, The Institute of 
Radio Engineers, Inc., 1 E. 79 St., New 
York 21. 


MEN in Industry 


Appointment of William L. Firestone 
as director of engineering for Motoro- 
la’s Communications Division in Chi- 
cago has been made. Dr. Firestone 
assumes direction of research engineer- 
ing for products manufactured by the 
division, including two-way mobile ra- 
dio, microwave systems, closed-circuit 
television and other communications 
products. 


Stephen Jj. Angello has been appointed 
manager of molecular electronics pro- 
grams for the Westinghouse Electric 
Corporation, Baltimore. Dr. Angeilo 
will coordinate molecular electronics 
development programs under way at 
the Westinghouse central engineering 
laboratories in Pittsburgh, at the semi- 
conductor department at Youngwood, 
Pa., and at the Air Arm Division. He 
was formerly project manager of the 
Westinghouse thermoelectric program. 

(Continued on page 151) 
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3-D’s of Electronic Welding 


‘ | 
d el] C ate For delicate, demanding or 
difficult welding applications, 
Hughes offers you a complete line of welding equipment. 


One delicate application called for the manufacture of 
ultra-sensitive thermocouples—cross-wire welding 0.001’ 
platinum wires with unvarying weld results in order to 
assure uniform electrical characteristics. For this delicate 
application, Hughes recommended: 


The VTW-28, 10 Watt Second Stored Energy Power Supply, which 
consistently provides the energy required—with no variation. Energy stored 
repeats exactly—possibility of fluctuation from tubes in charging circuit is 
eliminated by variable transformer. 


The VTA-24, Welding Handpiece, which supplies the necessary, repeatable 
pressure (from 0.5 to 25 pounds)—releasing the stored energy only when the 
pre-set pressure is reached 


Write or wire today for full information on Hughes precision welding controls 
and accessories—available in over 75 different equipment combinations: 
HUGHES, Vacuum Tube Products Division, 2020 Short St., Oceanside, Calif. 


For export information, write: Hughes International, Culver City, California 


Cross-wire welding 0.001" platinum ther. 
mocouple wires with VTW-28 Power 
Supply and VTA-24 Welding Hand- 
piece—an unbeatabie combination for 
uitra-miniature precision welding 
applications! 


VACUUM TUBE PRODUCTS DIVISION 
MUGHES AIRCRAFT COMPANY 


See the complete line of Hughes precision welding controls and accessories in operation at WESCON — Booths: 2826-282) 
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Newly improved 


J-M Asbestos Ebony’ 
offers better 
electrical properties 


PANEL SHEETS 

FOR 

SERVICE TO 1200 VOLTS 
HAVE 

GOOD MACHINING 
CHARACTERISTICS, 
SMOOTH, EBONY-LIKE 
SURFACE 


The good volume resistivity of As- 
bestos Ebony, parallel to sheet faces, 
provides a comfortable margin of 
safety for electrical apparatus in 
service up to 1200 volts. Now newly 
improved, it offers an even more de- 
pendable insulation in switchboards, 
controller plates, switch bases, bus- 
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bar supports, and as an insulating 
spacer in many types of electrical 
equipment. 

Asbestos Ebony machines more 
easily, gives a finer appearance than 
other similar products. Panels have 
an attractive appearance, with a 
smooth, ebony-like surface. 

Even under severe service condi- 
tions, Asbestos Ebony does not de- 
laminate, shrink, crack, rust or cor- 
rode. It is unaffected by water... 


JOHNS- MANVILLE 


AN INSULATION FOR EVERY COMMERCIAL 
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most common chemi- 
cals . and rapid temperature 
changes below its 250 F limit 

J-M supplies Asbestos Ebony 
large sheets up to 48” x 96” or in 
panel form fabricated to 
print specifications and in thick- 
nesses ranging from '«” to 4”. For 
complete information, see your J-M 
Distributor. Or write to Johns- 
Manville, Box 14, New York 16, N.Y. 
In Canada: Port Credit, Ontario. 


oil... gas.. 


vour blue- 


OMNS MANY 
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Larry R. Travis has been named di- 
rector of engineering and production 
for Elco Corp., Philadelphia. He came 
to Elco directly from Westinghouse, 
Metuchen, N. J., where he was manager 
of the mechanical engineering section. 


Bernard W. Eades has been appointed 
manager of engineering for 
the Southwestern Industrial Elec- 
tronics Co., a Division of Dresser 
Industries, Inc. Prior to joining the 
electronics division, he served as man- 
ager of value engineering for Strom- 
Rochester, 


value 


berg-Carlson Company, 
nN. me 

Appointment of Bernard Elbinger as 
head of the electronic instrument sec- 
tion of the Rheem Semiconductor 
Corp., California, has been made. He 
was formerly an electronic development 
engineer for Aerojet-General Corp. and 
headed the electronic tooling section 
at Hughes Aircraft Co. 


Robert A. Loddengaard has 
Servo Corporation of America as servo 


joined 


instruments section manager, Industrial 
Products Engineering. He assumes re- 
sponsibility for the research, develop 
ment and design of control systems, 
servo instruments and components for 
industrial applications. Prior to join- 
ing Servo, Mr. Loddengaard was as- 
sociated with the Missile Systems Div 


of Republic Aviation Corp. 


Charles W. Hargens has been pro- 
moted to the post of technical director 
of the Franklin Institute Laboratories, 
Philadelphia. Mr. 
head of the laboratories’ bioelectronics 
branch since 1958. In his new position, 
he will direct research and develop 


Hargens has been 


ment programs in the fields of elec- 


tronics, life sciences instrumentation, 


electromechanics, and power and con- 


trol systems. 


Ernest A. Laufer, Carl A. Hultberg 
and Murray W. Lindenthal have joined 
Hoover Electronics Co., Timonium, 
Md. Mr. Laufer, previously with Bell 
Aircraft Corp., has been appointed a 
senior electronics engineer. Mr. Hult- 
berg, formerly an engineering group 
leader at Bell Aircraft, has joined the 
company as senior engineer. 
Mr. Lindenthal, with the 
Martin Co., will be a senior electronics 


project 
previously 


engineer 


Appointment of Robert D. Lavin as 
manager of the Systems Engineering 
Department of Gulton Industries’ Or- 
tholog Division has made. Mr. 
Lavin will be project 
work in advanced military and indus- 
Among 
his previous associations were positions 
with the RCA Missile Test Project in 
Florida, the Applied Science Corpora- 
tion of Princeton, and Ampex Corp. 


been 
in charge of 


trial instrumentation systems. 
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3-D’s of Electronic Welding 


+ 
(| eman (| in For demanding, diffi- 
9 cult or delicate weld- 
ing applications, Hughes offers you a complete line of 
precision electronic welding equipment. 


A recent demanding seam-welding application required 
the completion of over 3,000,000 welds per day on metal! 
filters of stainless, nickel or bronze screen—ranging in 
thickness from 0.003” to 0.010". Minimum screen defor- 
mation was required to assure uniform rate of flow. For 
this demanding application, Hughes recommended: 


The VTW-501 Power Supply—a new half and full-cycle, seam and spot 
weidiry AC power supply which delivers the uniform energy output required 
tor high-production applications. It converts to a % or 2 to 20 cycle spot welding 
power supply by the simple flick of a switch. A phase shift control, which accepts 
from 10% to 100% of the pre-determined wave form, produces stepless energy 
output. No compromise settings are required—ever! 


Write or wire today for full information on Hughes precision welding controls 
and accessories—available in over 75 different equipment combinations: 
HUGHES, Vacuum Tube Products Division, 2020 Short St., Oceanside, Calif. 


For export information, write: Hughes International, Culver City, California. 


Seam welding 0.003" bronze filter 
screens at 120 welds per second with 
V7W-501. Accurate, unvarying energy 
output prevents screen deformation 


Creating a new world with ELECTRONIC 


| HUGHES 


VACUUM TUBE PRODUCTS DIVISION 
MUGHES AIRCRAFT COMPANY 
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See the complete line of Hughes precision welding controls and accessories in operation at WESCON—Rooths: 2826-2827 
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Barber-Colman, A. W. Haydon Specify INDOX Stator 
Magnets for New D.C. Permanent Magnet Motors 


A simpler stator assembly is likely to result reduction is now apparent in motor designs up 
when Inpox ceramic stator magnets are used to and above 10 horsepower. Both Inpox I 
to supply the field in d.c. pm motors. (unoriented) and INpox V (oriented) are being 

This trend toward simplification and cost used, depending on the motor characteristics. 


The advantages of Inpox magnets are: 
® Greater Usable Energy ® Wider Operating Temperature Range 
® Simpler Assembly © Opportunities for Cost Saving 
Among the users of INpox stator magnets Rockford, Ill. Both firms recently introduced 
are the A. W. Haydon Company, Waterbury, battery-powered permanent magnet motors 
Conn., and the Barber-Colman Company, : using INpox stator magnets. 


The Haydon motor is designed for 

use in a cordless electric clock made ASS \ 

by the Sessions Clock Company of Gao a 
Forestville, Conn. The clock itself is Geeeey ASS 
tiny, measuring only 1% by 2% x 
inches. To keep within the specified Pa 
dimensional limits, Haydon called 

on Indiana's design engineering 

service, which provided the answer: 

two extremely flat sections of InDOox 


V for the motor field. A. W. Haydon motor, showing Cross section of motor unit, Chronometric 
flat sections of INDOX V stator governor for speed control not shown. 
magnets. 


One-piece INDOX | 

stator ring simplifies 
assembly ond helps 

lower costs. 


ee RE. -< 


Barber-Colman Type BYQM motor. 


For full information on how Invox can help modernize your present motor line 
..-call your Indiana Sales Engineer today ...or write Indiana Steel Products, 
Division of Indiana General Corporation, Valparaiso, Ind. Ask for Bulletin 18AbLb8 


inpiana INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 
eS tin Canada: The indiana Stee! Products Co. of Canada Limited, Kitchener, Ontario 


GENERAL INDIANA ie ee ee MAGNETS 


CORPORATION 
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COMPANY Briefs 





Hughes Aircraft Company's ground 
systems group, Fullerton, Calif., has 
established a computer laboratory in 
a central facility with a staff of 600 
employees. The laboratory is working 
on land-based and seaborne computer 
systems, general-purpose computer sys- 
tems and computer advanced develop 


ment 


General Mills, Inc., Minneapolis, has 
acquired the business of The Daven 
Co., Livingston, N. J.. and Laible Manu- 
facturing Co., Manchester, VN. H. Daven 
product lines include precision wire 
wound resistors, attenuators, switches, 
power supplies, networks, filters and 
laboratory measuring instruments. 
Laible Manufacturing Co. has been 
engaged chiefly in manufacturing wire 
wound resistors and other sub-assem 
blies for Daven. Both wholly-owned 
subsidiaries will retain their own names 
ind identities, and will continue to 
operate at their present locations 

The formation of an organization 
evoted exclusively to the development 
of procurement and test specifications 
for use by the avionics industry has 

en announced by Frank B. DeAr 
vond, president of DeArmond Enter- 
prises, Inc., Bellflower, Calif. DeAr- 
mond will provide avionics component 
manufacturers, component test labora- 
tories, component users and calibra- 
tion laboratories with a source of spect 
fications for electrical, electronic, elec- 


tromechanical and mechanical parts 


Heli-Coil Corp., Danbury. Conn., has 
innounced the acquisition of — the 
Phelps Manufacturing Co. of Westport. 
Conn. Phelps produces screw-machine 
bushings used as fasteners by indus- 
tries fabricating plastics and light met 
als. The company will be operated as 
the Phelps Manufacturing Div. of 
Heli Coil ¢ orp 


Hermetic Seal Corp., Nutley, New 
jersey, has taken over complete man 
agement of Connector Seals Corporation, 
located in Pasadena, California 


Controls Company of America, Schille: 
Park, UL., has announced that its sub- 
sidiary, Solid State Electronic Controls, 
Inc., has been merged into the parent 
company and will operate as the Elec- 
tron Division. The new Electron Divi 
sion, Tempe, Arizona, will continue 
the development and manufacture of 
semiconductor devices, silicon solar 
converters, rectifiers and diodes 
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3-D’s of Electronic Welding 








y* gegee * 

itfic ult : For difficult, delicate 
( or demanding welding 
applications, Hughes offers you a complete line of pre- 
cision electronic welding equipment. 
Joining 160 components in one. cubic inch of space 
proved to be a difficult welding application for a com- 
puter manufacturer. Reliable weld-fused joints were 
required right next to heat sensitive elements. For this 
difficult application, Hughes recommended: 


The VTW-13, 250 Watt Second Stored Energy Power Supply —a complete 
ver supply (including controls and pulse transformer) which provides from 
oF ‘ 


to 250 watt seconds output in less than 1.5 milliseconds. Instantaneous and 
te metal fusion at the weld point is assured without danger of damaging 


sat transfer 


mole 


The VTA-33, Precision Weld Head, which precisely duplicates pressure 
equired to produce uniform, high-quality welds. Adjustable from 0.5 to 25 
puNdS. Energy releases only when pre-set pressure is reached. 


rite 


‘rite or wire today for full information on Hughes precision welding controls 
ind accessories—available in over 75 different equipment combinations: 
HUGHES, Vacuum Tube Products Division, 2020 Short St., Oceanside, Calif. 


For export information, write: Hughes International, Culver City, California 


Electronic welding produces strong,reli- 
ible, fused metal joints between nickel 
ribbon and tinned copper, tinned brass 
2nd dumet leads. Absolute control per- 
mits close proximity welding with no 
damage to heat sensitive components 


Creating a new world with ELECTRONICS 


HUGHES | 


VACUUM TUBE PRODUCTS DIVISION 
HUGHES AIRCRAFT COMPANY 





See the complete line of Hughes precision welding controls and accessories in operation at WESCON— Booths: 2826 - 2827 
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CONSTANT 
SPEED 


ADJUSTABLE 
SPEED 


LN al ORM ie ae INDUCTOR — 
INDUCTOR 
SUPPORT OUTPUT BEARING 
i AND LOCKNUT 


ROTOR OUTPUT 
SHAFT 





Two- field 
construction shown 
Also built in one 
three, or four-field 
construction wit! 

or without magnetic 


brakes. Simply 


specify your hp and 


speed requirements 
and Louis Allis 
will tailor the drive 


to your need 





Just a few 
of many 
application 
possibilities: 


Test stands 


Adjustable-frequency 
sets 


Paper-machine 
drives, line shaft, 
sectional, or helper 


Extruder drives 


Rubber and paper 
calenders 


Wire-drawing 
Another new product from Louis Allis machines 
Pumps and blowers 
Kiln drives 


The new Louis Allis 


‘MAGNETIC DRIVE 


A compact, precise adjustabie speed drive up to 2000 hp! 


If you use adjustable speed drives up to 2000 hp, you ought to know about 

the special features available in the all-new Louis Allis Magnetic Drive. Based 
on a liquid-cooled magnetic coupling design, this outstanding drive offers you 
the finest in precise regulation, compactness, and design flexibility. 

A unique annular cooling manifold distributes the coolant over the outer surface 
of the inductor drum to provide an effective heat transfer. “Water drag” is 
eliminated, since there is no liquid in the air gap between the constant speed and 
adjustable speed members. 

This new cooling principle eliminates “flooding” the Magnetic Drive and 
forcing of water into the bearings. And you'll never find condensation in the 
bearings, because the annular manifold design permits a planned flow of air 
through the drive at all times. This reduces bearing temperature and carries away 
any condensation which might occur as the unit cools off after use. 

The design also incorporates stationary field construction, thus eliminating slip 
rings. All bearings can be easily lubricated without disassembly, and grease 
chambers provide ample grease reservoirs. 

Other features include field coils and lead connections encapsulated in a 
special chemical and heat-resistant polyester — simplified construction for 
easy inspection and servicing — and versatile design for simple relocation 
of cooling inlet, conduit box, discharge, etc., regardless of direction of rotation. 


If your plans call for adjustable speed drives — specify Louis Allis Adjustable 
Speed Magnetic Drive. For a complete description of these new drives, write 
for Bulletin 3650 — now available at your Louis Allis District Office or from 
The Louis Allis Co., 428 East Stewart Street, Milwaukee 1, Wisconsin. 





MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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COMPLETE 


TEV aE 
BRAKE LINE 


offered by 


Mae 


MOTOR MOUNTING 


A brake for ev- 
ery need! Direct- 
acting standard 
and waterproof, 
dust-tight mod- 
els with torque 
range of 1% to 
175 Ibs. ft. Haz- 
eee 
types in 3 to 75 
ibs. ft. “Cc?” 
flange mountings. ‘““Thru-Shaft”, 
vertical and other special designs 
available. 


FOOT MOUNTING 


All Dings Brakes 
available with 
foot mounting 
bracket for in- 
stallation wher- 
evera “C” flange 
mounting is im- 
™. practical. 


, 


gn 


SERRATED CLUTCH COUPLING 


158 


Twostyles avail- 
able: Magneti- 
cally-engaged, 
spring-released 
—1200 oe 
32,000 Ibs. ft. 
torque, and 
spring-engaged, 
magnetically-released— 2000 
through 16,000 Ibs. ft. torque 


DINGS SERVICE 


Dings representatives in 29 U.S. 
cities, 3 Canadian cities, and in 
foreign countries, offer expert as- 
sistance with your brake or clutch 
problems, and prompt repair 
parts service. Ask about Dings 
complete engineering service for 
your brake or clutch application. 


Send for FREE BULLETIN 


Bulletin BK-4106 
gives general infor- 
mation about Dings 
complete line of 
Magnetic Brakes. In- 
cludes applications, 
data, mounting, en- 
closures, selection, 
and useful engineer- 
ing information. 
Send for your copy 
today. 


DINGS BRAKES, Inc. 


A subsidiary of Dings 
Magnetic Separator Co. 


—~ Milwaukee 46, Wisconsin 
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easy mounting on bearing bracket 


BOOK Reviews 


Edited by Atice Mary Hutton, Associate Editor 


Feedback Control Systems. L. C. 
Gille, M. J. Pélegrin and P. De- 
cauline, McGraw-Hill Book Company, 
Inc., New York (1960). 781 pages 
plus 4 charts, $16.50. (Reviewed by 
Allan D. Kraus.*) 


Whenever a new book about a well- 
established subject is published, it 
should be as noteworthy as this book 
on servo theory and practice. Feedback 
Control Systems is unusual in style as 
well as in content: partly historical, 
partly philosophical, very practical, and 
always meticulous in its technical ap- 
proach to the subject. The authors, who 
were educated both in France and the 
United States, have combined the best 
of the two worlds in their approach to 
the subject. The breadth of the material 
is awesome and much of it 
is quite new. 


covered 


After an introductory section on the 
basic concepts of feedback control, the 
book is divided into five subject areas. 
In Part I, the dynamics of linear sys- 
tems and the mathematics pertaining 
thereto are dealt with. The theory of 
linear servo systems is presented in 
Part Il. A non-linear 
servo systems is given in Part III. Part 
IV is essentially an independent text 
on components of servo systems. Error- 
sensing devices, such as thermo-electric 
sensors, tubes, gyros and 
meters, are analyzed and a compre- 
hensive treatment of servomotors, gear 
ratios, amplifiers and preamplifiers is 
given. In Part V, 
examples of the basic design of a servo 


discussion of 


accelero- 


two comprehensive 


system are given: a positional servo 
for a measuring system and an auto- 
pilot for a guided missile. 

Special topics, many appearing in 
English for the first time, are included: 
the transient response of a servo with 
any non-linear component; forced os- 
cillations of non-linear servos, describ- 
ing functions with statistical inputs; 
stability of non-linear systems on the 
verge of instability; structural stabil- 
ity; etc. 

Problems are not given at the end 
of each chapter; instead, the authors 
present a 37-page section containing 
59 comprehensive exercises. A five- 
language glossary of important auto- 
matic-control terms is presented (Eng- 
lish, Spanish, French, German and 
Russian), coupled with an alphabetical 
list of the glossary words. 


*Mr. Kraus is « senior engineer in the Advanced 
Systems Department of the Counter-Measures Divi- 
sion, Sperry Gyroscope Company He is frequently 
a contributor to Evectaica, Manuractuntne. 


A selected critical bibliography 
classified according to subject covered 
and language, includes many European 
references not widely known in this 
country. Every book or article men- 
tioned in the bibliography is briefly 
described as to the general approach of 
the author and the most important 
subjects contained in the work. 

Because of the intermingling of the 
French, American, German, and Rus- 
sian techniques, Feedback Control Sys- 
tems can be considered a useful refer- 
ence guide for the practicing engineer, 
as well as a very appropriate text for 
the student. Indeed, it can be used for 
a complete sequence of servo courses, 
beginning with the basic material, pro- 
ceeding through a study of servo com- 
ponents and, finally, as an advanced 
text for graduate courses. The depth 
of penetration, as well as the philoso- 
phical discussions and subtle comments 
focus the reader's 
significance of the 


which constantly 
attention on the 
material, makes this book more than 
a worthwhile addition to the engineer's 


permanent library. 


Fixed and Variable Capacitors, 
G. W. A. Dummer and H. M. Nor- 
denberg, McGraw-Hill Book Com- 
pany, New York (1960), 288 pages, 
$10.00. 

Not since Dr. Brotherton of the Bell 

Telephone Laboratories published his 

concise (107 pages) volume on Ca- 

pacitors in 1946 has anyone attempted 
to prepare a comprehensive review of 
these book 
form. The present work is international 
in scope in that it was written by two 
military civilian engineers, one in the 
U. S. Navy Department, the other in 
Radar Establishment in 


electronic components in 


the Royal 
England. 
Mr. Dummer is a frequent visitor 
to the U.S.A., has presented papers 
here, and has written for Evectrnicat 
Manuracturtine. His field is electronic 
components research and development. 
Mr. Nordenberg heads the Electronic 
Parts Unit of the Bureau of Ships. The 
emphasis therefore, is on military-type 
parts, but is supplemented by commer- 
cial types to make the text complete. 
MIL specs are frequently referenced, 
with summary reference to correspond- 
ing British Standards. Although a few 
European types are mentioned, Ameri 
can parts are specifically dealt with. 
The book has been written from the 
point of view of the user to enable him 
to choose the best capacitor type for 
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triple reduction gear units 
for all ratios Circle 173 on Inquiry Card 


America’s modern way of doing business 


Stabilizing rocket — delivered by AIR EXPRESS — gets high-temperature environmental! test at California laboratory 


Space rocket gets a lift from Air Express 


These men aren't on their way to Mars—yet. But the amazing rocket they're perfecting brings that 
day closer and closer. Right now, they're putting its components through their paces at the North 
American-Rocketdyne field site in California. The little stabilizing rockets, about to be tested here, 
have already flown successfully—by AiR EXPRESS . .. the world’s fastest, most dependable way to 
ship. If speed, kid-glove handling and dependable delivery 
—a/l/l at low cost — are vital to your business, always 


kL} —— ee in 
ca// AiR EXPRESS. And make sure your products, parts and A J Ke EXPR le > & 
new models are FIRST TO MARKET...FIRST TO SELL. , ee ae, a) 
& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY ¢+ GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. We'll 
deliver seckman® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days. 

Fact is, quick delivery and customer 
service go along with every BECKMAN 
meter... voltmeters, ammeters, milliam- 
meters, and microammeters...in sizes 
ranging from 244” to 444". 

Best of all, they are excellent meters 
...and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con- 
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A. Like we said: they are excellent 
meters. 

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 


4) 5\ 6| 7| 8| 9/10 
11/12/13] 14/ 15| 16) 17 | 
18] 19|20| 21/22| 23/24 | 
25|26| 27/28/29) 30 


Helipot 


POTS : MOTORS : METERS fs 
Helipot Division of 2252 
Beckman Instruments,Inc. 2 veans # 
Fullerton, California r C5. 


Beckmar'/ 
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his particular circuit requirements. The 
book begins with general information 
on capacitors, defines their parameters, 
then deals in a general way with their 
characteristics and selection. One chap- 
ter deals with measurement of capaci- 
tance, then specific types of capacitors 
are described: paper and mica-d.eiec- 
tric fixed capacitors, ceramic, glass, 
and plastic dielectric capacitors, elec- 
trolytic capacitors and some experi- 
mental types. Data on Teflon and My- 
lar plastics dielectric materials are in- 
cluded. A large section (8 chapters) 
is devoted to variable capacitors, mostly 
of the air-dielectric type. Over twenty 
pages of references conclude the book 


Mathematical Methods and The- 
ory in Games, Programming, and 
Economics, by Samuel Karlin, Vol. 1, 
Matrix Games, Programming, and 
Mathematical Economics, x -+- 433 
pages; Vol. Il, The Theory of In- 
finite Games, xi -+- 386 pages. Addi- 
son-Wesley Publishing Co., Reading, 
Mass. (1959). $12.50 each 
These volumes present the concepts of 
game theory and programming theory 
in a manner that is, in this reviewer's 
experience, unmatched in completeness, 
unity and clarity. Every book worth 
reading represents a cooperative activity 
between author and readers: Mr 
Karlin has done so superb a job of writ 
ing, that only one contribution is de- 
manded from the reader: undivided 
attention. Writing, almost spartan in 
its simplicity, must not be regarded as 
simple. For Mr. Karlin’s writing is 
anything but simple — he is well-organ 
ized, he is lucid, his writing is sparse 
almost to the extent of parsimony, but 
the attentive, thoughtful reader will 
miss nothing but the non-essential 
gingerbread of many more weighty (in 
the literal sense of the word only) 
tomes. The author has been most gen 
erous in his presentation of subject 
matter, and spared the reader the agony 
of seeking a path through a maze of 
empty phrases, repetition and sloppy 
writing. There are no curlicues to ob 
scure poor material and bad construc 
tion Mr. Karlin’s work is impressive 
because the building blocks are good, 
the design balanced, and the craftsman- 
ship superb 
Volume I is divided into Part 1} 
presenting the definition of matrix 
games and a survey of discrete matrix 
games with problems and solutions, and 
Part 2, presenting the theory and com 
putational methods of linear program 
ming and some results in nonlinear 
programming, as well as mathematica! 
models in the study of economic models. 
Volume II covers the theory of in- 
finite games. It is concerned with con- 
tinuous games and games of timing. 


(Continued on page 162) 
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Can a standard bearing 


offer you ‘more bearing” 


for your money? 


a Angular : 
: : Contact Bearing - 


——_ 
Tyson* Tapered 
Roller Bearing 


Cylindrical 
Roller Bearing 


It can if it’s made by sos# —be- 
cause all @cf bearings, both 
ball and roller, offer special quali- 
ties at “production” bearing 
prices. 


Take the single-row deep-groove 
ball bearing featured here, as an 
example. S&F designs and builds 
this type to sustain heavy radial 
load and thrust load in either di- 
rection. Furthermore, it is engi- 
neered to run smoothly and 
quietly at normal speeds with 
grease lubrication—and at high 
speeds with oil. 


Yet this is a standard SiS ball 
bearing, mass-produced by auto- 
mated production equipment at 
our plant at Altoona, Pa. You 
can quickly get this bearing in 
over 100 sizes, ranging from 54” 
to 15.748” O.D., and in a variety 
of seal, shield and snap-ring 
combinations. 


But why not find out what S&F 
offers in bearing quality, availa- 
bility and economy? Just call the 
s0se branch office nearest you. 


6001 


Spherical Roller 
Thrust Bearing 


Spherical 
Roller Bearing 


erieel, Cylindrical, Ball,“ Wypen Tapered ond REED Miniature Bearings 
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every Tree -CvEey use 


oKF. 
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American 


Industry 
has chosen... 







permanent, 


or our Bulletin TR3 
arn how this T&B 
ered for “Lowest In- 
a Cost” method can 
save you time and money 












DLD COAST TO COAST 
EXCLUSIVELY BY 
YOUR T&B DISTRIBUTOR 






ENGINEERED 


THOMAS & BETTS CO. 
mC ORFPOR ATED 
ELIZABETH. NEW JERSEY 

IN CANADA THOMAS @ BETTE. LTO. MONTREAL 
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Problems and solutions are included in 
each volume. Appendices (in both 
volumes) imclude vector spaces and 
matrices, convex sets and convex func- 
tions. A carefully selected bibliography 
is included with each volume. 

To the publishers we present our 
compliments, not only for publishing 
such excellent work, but for doing it 
exceptionally well. For this reason the 
price, even at $12.50 per volume, does 
not seem‘exorbitant.—-a.M.# 


Books Received 


Of the great number and variety of books 
received, those of interest to our readers 
are listed below. This list is far from 
complete. No attempt is made at a critical 
evaluation at this time, although we may 
review any of these books in a future 
issve of Evectricat MANuracturine 


The Dynamic Behavior of Thermoelectric 
Devices, Paul E. Gray, John Wiley & 
Sens, Inc., New York (1960), $3.50. 

Digital Computer Principles, Wayne C. 
Irwin, D. Van Nostrand Company, In 
Princeton (1960), $8.00 

Elementary Engineering Mechanics, Eu 
gene George Key, John Wiley & Sons, 
Inc., New York (1960), $5 50 

4n Introduction to Transistor Circuits, 
E. H. Cooke-Yarborough, Interscience 
Publishers, Inc., New York (Second Ed 
1960), $3.50 

Introduction to Modern Network Synthesis, 
M. E. Van Valkenburg, John Wiley & 
Sons, Inc.. New York (1960), $11.75 

Symbolic Logic, Lewis and Langford, Dover 
Publications Inc.,. New York (1960), 
$1.75 

Electron Physics and Technology, J. Thom 
son and E. B. Callick, The Macmillan 
Company, New York (1959) 

Computers and How They Work, James D 
Fahnestock, Ziff-Davis Publishing Com 
pany, New York (1959), $4.95. 


Mathematical Programming and Electrical | 


Networks, Jack B. Dennis, John Wiley & 
Sons, Inc.. New York (1959), $4.50 
Notes on Analog-digital Conversion Tech 


niques, Alfred K. Susskind, Ed., John 
Wiley & Sons, Inc.. New York (1957) 
$10.00. 

Mathematics for Electronics, Henry M 
Nodelman and Frederick W. Smith, Mi 
Graw-Hill Book Company, Inc.. New 


York (1956), $7.00 

Programming the IBM 650 Magnetic Drum 
Computer and Data-Processing Machine. 
Richard V. Andree, Henry Holt and Com 
pany, Inc., New York (1958). 

Villimeter Waves, Proceedings of the 
Symposium, Jerome Fox, Ed., Polytechni« 
Press of the Polytechnic Institute of 
Brooklyn, Interscience Publishers, New 
York (1960), $8.00. 

Digital Computer Components and Circuits, 
R. K. Richards, D. Van Nostrand Com 
pany, Inc., 
$10.75. 

Programming for Digital Computers, Joa- 
chim Jeenel, McGraw-Hill Book Com 
pany, Inc., New York (1959), $12.00. 

Introduction to Electronic Analog Compu- 
ters, John N. Warfield, Prentice-Hall. Inc, 
New York (1959), $6.00 


Princeton (reprinted 1959), 


Going to the ... 
MACHINE TOOL EXPOSITION? 





You Can See .. 
THE COMPLETE NEW LINE OF 
GENERAL ELECTRIC INDUSTRIAL 
MINIATURE OJIL-TIGHT 
PUSH BUTTONS ACTUALLY 
INSTALLED ON MACHINES 


GENERAL ELECTRIC BOOTH—You can get 
complete information on the new G-E 
CR104 line of Industrial Miniature O01! 
tight Push Buttons by visiting Genera! 
Electric Booth #112 at the Production 
Engineering Show, Chicago's Navy Pier 
Sept. 6-16 


SEE INSTALLED UNITS HERE—Also, no less 
than 28 of the machine tool industry's 
leading manufacturers are 
new machines which feature these Gen 
eral Electric 
tight units at their booths in the Chicago 
Amphitheatre. They include 


exhibiting 


industrial miniature oil 


Atlantic Machine Works, Booth 543 

Avey Drilling, Div. of Motch & Merryweother 
Booth 822 

Borber-Colmeon, Booth 923 

Buffole Forge Company, Booth 55! 


Chas. G. Allen Co., Booth 148 

Cincinnati Milling Machine Co., Booth 1034 

Cleereman Machine Tool Corp., Booth 632 

Cone Automatic Mochine Co, Booth 1215 

Dennison Engineering Division, American Broke 
Shoe, Booth 914 


DeVlieg Mochine Co., Booth 431 

Edlund Machinery Co., Div. Horsco Corp 
Booth 53) 

Ekstrom Cerlson ond Co. Booth 846 

Fellows Gear Shaper Co., Booth 929 


Fosdick Machine Too! Co., Booth 800 
Gardner Machine Co., Booth 811 

Giddings ond Lewis, Booth 1320 
Giddings and Lewis/Bickford, Booth 1320 
Heald Machine, Booth 924 


lucas Machine, Div. of New Britain 
Machine Co., Booth 838 

Kearney & Trecker, Booth 1008 

R. K. Le Blond, Booth 810 and 908 

Michigen Tool Coe., Booth 945 


Nebel Machine Tool Corp., Booth 1319 
Niegere Machine Too! Works, Booth 1330 
Rivett Lathe & Grinder, Booth 1210 
Sidney Mochine Tool Co., Booth 1440 
Sundstrand, Booth 1014 

Werner and Swosey, Booth 45! 


Before you leave the show make sure 
you've seen industry's first complete line 
of industrial miniature oil-tight 
Your General Electric engineer 
will be glad to provide you with more 


units 
sales 


information. Contact him or write 
General Electric Co., Section 811-11, 
Schenectady, N. Y 

Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 
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New 


Another Measurable Advantage 
from General Electric Control 
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New CR104 push buttons help improve your machine appecrance, cut your ponel space at least 40%. 


FIRST COMPLETE LINE OF 


INDUSTRIAL 


MINIATURE OIL-TIGHT PUSH BUTTONS 


® Push buttons © Selector switches 
@ Illuminated push buttons © Indicating lights 
© Push-to-test lights 


Now you can design entire panels with 
miniature pushbutton units and cut your 
panel space requirements at least 40 per 
cent! General Electric announces the de 
velopment and immediate availability 
of industry's first complete Industrial 
Miniature Oil-tight Pushbutton line. 

This new CR104 line offers you the 
operating and functional units presently 
available in heavy-duty oil-tight forms 

with an attractive appearance that 
enhances the design of your machines. 
A wide variety of operators is avail 
ible, plus various modifications, special 
nameplates to meet every 


units, and 


operating requirement. Color coding is 
available in both operators and rings to 
provide you the flexibility of many dif- 
ferent color combinations. Also, enclo- 
sures and pendent stations are available 
to accommodate from four to 42 units. 


FOR MORE INFORMATION on this out- 
standing new development in control 

and the “measurable advantages” it of 
fers you—contact your nearby G-E Ap- 
paratus Sales Office, or write for Bulle 
tin GEA-7127, General Electric Co., 
Schenectady 5, N. Y. 811-1 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


GENERAL @@ ELECTRIC 
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t 
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{ 
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SAVE PANEL SPACE. Twenty new General Elec- 
tric miniature units fit into the exact space re- 
quired for nine heavy-duty oil-tight push buttons. 
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ROYAL 


~ POWRIZED” 


make your product 
assemble easier... 


look better. . 


sell faster... 











“Powrized” conductor ends are furnished 
tinned, stripped, or with terminals—to your 
specs—for speedy, cost-cutting assembly. 
Strain reliefs for stock or special designs are 
molded directly to the cord. Dimensions are 
precisely controlled to fit your assembly hous- 
ing, and meet industry pull-test requirements. 


“Powrized” cord sets are a perfect complement 


to your product styling. There’s a rainbow of 
matching cord colors... and an unlimited 
variety of handsomely-designed caps and con- 
nectors—stock or custom—to blend beauti- 
fully with the design of your product. 


For extra brand name merchandising, Royal 
will mold your company trade mark into caps 
and connectors. Moreover, “Powrized” cord 
sets can be coiled, wrapped, or packaged to 
form a compact, attractive part of your 
product. 


perform longer... 


ROYAL, 


Ath 
gu 
i 
+ an associate of Seaneedl 
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In California: 


Electric Cords & Supply Corp. 
413 E. 3rd St., Los Angeles 13 


Royal has the right combination of power 
supply cord materials —rubber, neoprene, 
plastic or braided jackets with molded-on 
caps, connectors, strain relief or special attach- 
ments. Also, a wide selection of cord lengths, 
ratings, sizes . . . 2- and 3-wire caps to meet 
your exact specifications for safe, dependable, 
long-lasting performance. 


WRITE FOR COMPLETE FACTS —OR ASK 
TO HAVE OUR REPRESENTATIVE CALL. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 





In Canada: 


Royal Electric Company (Quebec) Ltd. 
Pointe-Claire, Quebec 
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Engineering 
Standards 





American Gear Standards 


The following new standards have been 
made available: 

AGMA.152.02, Application Classifi- 
cation for Spur, Helical and Herring- 
bone-Gear Shaft-Mounted Speed Ke 
ducers, $1.00. 

AGMA-321.04, Practice for Helical, 


Herringbone and Spur Mill Gears, 
$1.00. 

AGMA-480.02, Practice for Helical, 
Herringbone and Spur Gear Shaft- 


Mounted Speed Reducers, $5.00 

Order American 
Manufacturers 
Circle, Washington 


copies from Gear 


Association, 1 Thomas 


» 2 & 


ASTM Standards 


D-9, ASTM Standards on Electrical 
Insulating Materials, 778 pages, $8.75 
This publication contains specifica 
tions and methods of testing electrical 
insulating materials and was published 
in October 1959. Copies are available 


from American Society for Testing 
Materials, 1916 Race St., Philadel 
phia 3. 


ASA Standards 
C19.1-1959 (AIEE-15), American 


Standard for Industrial Control Ap 
paratus, $2.20. This is a thoroughly 
revised edition of the 1943 standard, 
sponsored by AIEE and NEMA. 

Copies may be ordered from Amer 
ican Standards Association, 10 E. 40 
St.. New York 16 


1EC Standards 


The following publications have been 


made available by the International 
Electrotechnical Commission: 

1EC )§=—34-1, Recommendations for 
Rotating Electrical Machinery (Fx- 
Machines for Traction Ve- 
Sixth edition, $3.20. 
The following two publications are 


a part of the group comprising the 


cluding 


hic les }. 


second edition of the eight-language 
International Electrotechnical Vocabu 


lary. 


1EC 50 (08), Electro-Acoustics, 
$4.00. 
1EC 50 (40), Electro-Heating Ap- 


plications, $3.20. 

1EC 117-1, Recommended Graphical 
Symbols, Part I; Kinds of 
Distribution Systems, Methods of Con- 
nection and Circuit Elements, $2.40. 

Copies are available from American 
Standards Association, 10 E. 40 St., 
New York 16. 


Current, 
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DISTRIBUTORS 


for! 8. Beach Co., Pittsburgh, Pa. 

Phila. (Cliften Heights) Po 
Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklchome City, Okle. 
Electrical insulation Seles Co., Rutherford, N. J., 
Electrical Insulation Suppliers, inc., Atlanta, Ga. 
Electric Motor Supply Company, Denver, Colo. 
Honne & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo 
Insulation Manufacturers Corp. 


Chicago, I! Cleveland, O 
Dayten, O Milwouvkee, Wis. 
Detroit, Mich Pittsburgh, Po. 


4. F. Kerrigan & Co.,. Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Calif 
Punt, Inc., Floral Pork, N.Y 
C. €. Riggs, Inc., Portland, Ore., Seattle, Wash. 
J. P. Seanton, Rochester, N. Y 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texos 
White Supply Company, $1. Levis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y 
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the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400°F. 


Complete test data available on request 
Agents in all principal cities 




















New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished “Fibergias’’* Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL” Silicone Varnished “Fibergias’’* 
Cleth and Tapes 


“VARSLOT" Combination Siot Insulation: —— 
Rog Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 

Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and ““Mylar’’* Polyester Film 
Kraft Paper and “Mylar’’* Polyester Film 
Vartex Varnished “Fiberglas”* and 
“Mylor’’* Polyester Flim 

Special combinations available upon request 


* Mylor, Du Pont’s registered trademark tFibergios, Owens-Corning Fibergles registered trademark 
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Editorial REPRINTS Available 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUuFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELvectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numbers at the head of reprint 
listings correspond to the numbers on 
the postcards incorporated in the Read- 
er Inquiry Service Section at the end 
of the book. Readers should 


circle 


-) 950—Magnetic Amplifier Output Cir- 
cuits, August 1960, 5 pages. A straightfor- 
ward method for comparative evaluation of 
complex reversible-half-wave and reversible- 
full-wave magnetic amplifier circuits as 
building-block arrangements of basic half- 
wave self-saturating circuits. Figures of 
merit are given for over 50 output circuit 
combinations. 


(2) 901—Function Generators Using the 
Hall Effect, August 1960, 3 pages. The na- 
ture of the Hall effect is reviewed, and the 
fundamental voltage and geometrical rela- 
tions are presented. On this basis the possi- 
bility of using the Hall phenomenon for 
angular function generators is investigated, 
and the various potential characteristics of 
such generators considered. 


() 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


© 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


0 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. Bas- 
ic principles are explained. Automatic pro- 
gramming and machine languages—designed 
for the scientist and engineer who has little 
knowledge of digital computers and who 
wants to write his own programs—are pre- 
sented. Typical examples are given. 


0 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized, 
covering a broad range of relay-development 
aspects. 


166 


those numbers which correspond to the 
reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 


Vo. of Number of pages 
Reprints +12 16-32 
1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 
() 919-— Nuclear Radiation Damage to 


Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types. Se- 
lected transistors representing these four 
types were tested in an environment equiva- 
lent to that of a nuclear explosion. Damage 
data were analyzed so that behavior of pres- 
ently available transistors could be predicted 
and related to missile design. The mecha- 
nism of damage is explained and data analy- 
sis for radiation damage is given in graphs 
and charts. 


©) 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. A combined re- 
print of a two-part article giving in detail 
the past, present, and future state-of-the-art 
of microminiaturization. Covers the reduc- 
tion in size and weight of all subminiature 
electronic component parts including: sub- 
strates, conductors, resistors, capacitors, pro- 
tective coverings, inductors, solid-state di- 
odes and transistors. Also includes thin-film 
techniques and integrated solid circuits 


C) 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
| ties may be obtained at the following 
| prices: S-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to EL®cTRIcAL 
MANUPACTURING. 


() 926—Plastics Molding Materials for 
Structural and Mechanical Applications, 
May 1960, 11 pages. A review of plastics 
molding materials, based on structural and 
mechanical properties and design parameters. 
Newer materials are described in detail. Sig- 
nificance of test methods is discussed, with 
supporting tables and graphs 


( 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Elements of ball-bearing application 
factors in representative types of critical in- 
struments such as servos, synchros, resolvers, 
gyro gimbal bearings and gyro spin motors 
Bearing design, materials, lubricants, load- 
ing, life expectancy and fits are discussed, as 
related to bearings approximately 1 in. OD 
and smaller. 


[] 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commercial thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Examples of cooling 
problems are worked out. 


[ 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni 
versal ratio sets can be calibrated by boot 
strap methods, also how two standard types 
of instrument potentiometers can be cali 
brated using the standard cell and a univer 
sal ratio set. 


(1) 948—Power-Supply Circuit Design by 
Digital-Computer Method, May 1960, 7 
pages. Designing power-supply circuits with 
the help of a digital computer relieves the 
design engineer of many time-<onsuming, 
routine chores. Laboratory data are com- 
pared with the computed data. 


C) 947—The Postulates of Boolean 
| Algebra in the Languages of English 
| Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
| cult Diagrams, and Truth Tables, 
| April 1960. This 11 = 17 in. wall 
} chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
| Elements, and the Laws of Negation 
For the designer of logical circuitry, 
this tabulation provides not only an 
at-a-glance “translation” from one 
| symbolism to another, but also the 
| conversion from sums to products 
(and vice versa). 





) 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib 
uted network concept, it is demonstrated 
that circuit performance unobtainable with 
lumped-parameter arrangements can be 
achieved by the layer method. 


[) 928—Magnetiom Research Pushes New 
Engineering Developments (Parts I and II), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices 


[) 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. The properties of copper and 
its alloys are related to the design needs of 
electronic equipment and systems. Applica- 
tions of materials to design parameters are 
illustrated and developed 


([) 921—Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages 
A definitive exposition of the advantages of 
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powder-metallurgy techniques in design of 
electrical and electronic components. Spe- 
cific case histories illustrate design experi- 
ence with these compacted and sintered ma- 
terials. Properties and other design parame- 
ters are explored and illustrated by charts 
and photographs. 


() 915—Editorial Index to ELgc- 
TRICAL MANUPACTURING for 1959, 24 | 
pages. This yearly subject-classified 
| index is completely annotated. In- 
| cludes author index, plus separate in- 
| dices for 
i 
| 
i 


Editorial page, Design 
Trends, and Research Notes depart- 
ments. Also reproduces the ELsc- 


TRICAL MANUPACTURING Subject Clas- 

sification and Alphabetical Subject 
| Cross Index which form the basis of 
the index system. 


() 927—Fine-Pitch Gear Trains, March 
1960, 7 pages. Gear quality classifications, 
center-distance considerations, and backlash 
problems are discussed with respect to fine- 
pitch gear applications in electromechanical 
computers, servo-positioning feedback sys- 
tems, instruments and radars, and in line 
with current and projected ASMA standards 


[) 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Since “wire size” in 
terms of cither diameter or area is a primary 
factor in coil design of any kind, mathe- 
matical relations for design must include it. 
For practical reasons, wire size is a step 
function: only particular sizes are available 
Coil design therefore becomes a matter of 
judicious compromise, involving successive 
approximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil de- 
sign to minimize repetitive computations. 
Derivations and examples support the design 
charts. 


() 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of the most recent addition to negative-re- 
sistance semiconductors is explained in 
terms of the wave-like properties of elec- 
trons. The diode’s small-signal behavior is 
described, its application as a low-noise am- 
plifier examined, and its noise figure of 
merit established. Other uses are as low- 
level oscillator and an ultra-fast bistable 
switching device. 


C) 923—Design Techniques for Static In- 
verters—Parts 1 and 2, January and Feb- 
ruary 1960, 20 pages. Combined reprint of 
a two-part article giving the theory behind 
the circuits of a complete semiconductor in- 
verter (primarily for aircraft use) and prac- 
tical advice on the actual design of such 
instruments. The inverter is broken down 
into 5 subcircuits—oscillator, control, drive, 
power and filter—and many examples of var- 
ious types of each are given. Space, weight 
and efficiency problems are also considered. 


[) 943—P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran- 
sistor-like devices which can be switched by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. Mathematical ex- 
pressions derived for operating parameters. 


() 946—Prevention of Electric Shock Haz- 
ard as a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance of stress- 
ing electric shock hazard factors in the 
preliminary stage of equipment design is 
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discussed. Applicable data from the ltera- 
ture have been analyzed and suitable graphs 
and nomographs derived for design purposes. 
Major shock hazards such as large non-cur- 
rent-carrying metal parts and exposed sharp 
parts are discussed, as well as other specific 
design problems. 


() 945—Research Progress in Dielectrics— 
1959, January 1960, 11 pages. The 13th an- 
nual on-the-spot review of the Conference 
on Electrical Insulation of the National 
Academy of Science-National Research 
Council. The review abstracts and interprets 
the papers and discussion in the light of 
their short-range and long-range effects on 
problems in equipment and systems design. 
Included are discussions on research activi- 
ties in high-temperature materials, nuclear 
radiation effects, capacitor dielectrics, mi- 


crowave properties, and associated test 
techniques. 
[) 906—Magnetic Amplifier Computing 


Control Circuits, December 1959, 9 pages. 
Building-block approach to analog control 
circuitry using standardized plug-in preci- 
sion magnetic amplifiers. Covers amplifier 
design of one manufacturer, basic circuits, 
typical applications, and procedures for 
designing equation-solving circuitry to imple- 
ment Laplace transforms. 


[) 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
| constants. This reprint is now being 
| included in the combined reprint of 


the recent series on “Automatic Con- 

trol System Design” by Ira Ritow 

(see p 172). For those who ordered 
| the latter previously, this chart may 
| now be obtained individually free of 
charge by circling the proper number 
| on the Reader Service postcards at 
| end of book. 


[) 904—Aluminum — Its Electromechanical 
Function In Design, December 1959, 11 
pages. This Staff Report stresses the mechan- 
ical and structural uses of aluminum and its 
alloys (as distinct from electrical conductor 
applications) in a wide spectrum of electri- 
cal components and equipment. Applicable 
properties and their design significance are 
discussed and suitable graphs and tabular 
data are provided. Special considerations 
such as effects of corrosion, thermal condi- 
tions, and fabrication discussed in detail. 


() 937—Effects of Temperature on A-C 
Magnetic Properties of Nickel-Iron Alloys, 
December 1959, 6 pages. A report on the 
second half of a two-part study to provide 
design data for developmental magnetic de- 
vices and to observe temperature-compensa- 
tion parameters for existing applications. 
Results are reported in the form of curves 
for 60, 400, and 1000 cps describing varia- 
tion of core loss per unit of weight and rms 
exciting volt-amperes per unit of weight as 
temperature varies. Six alloys are reported 
for the temperature range —60 to +250 C. 


[) 917 — Motor-Blower Selection Factors, 
November 1959, 6 pages. Performance char- 
acteristics and factors such as relative space 
and cost of the two principal forms of blow- 
er impeller are discussed. The economics 
and engineering aspects of direct motor 
drive are compared with belt drive for blow- 
er as a guide for selection. 
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() 912—Accelerometers and Their Charac- 
teristics, November 1959, 9 pages. A survey 
of the various types of accelerometers avail- 
able today and their characteristics when 
applied to high-performance servos such as 
those found in inertial guidance. Includes 
an introduction to the theory of inertial 
guidance and a list of accelerometer manu- 
facturers and the types of units they make. 


(1) 939—Inherent Motor Overheat Protec 
tion Moves inside the Field Coils, November 
1959, 8 pages. Two solutions to the problem 
of putting temperature sensors in the stator 
windings of induction motors are described, 
both involving thermistors. The Westing- 
house solution uses thermistors in a newly 
discovered _ positive-temperature-coefficient 
resistor mode. Cutler-Hammer’s approach 
makes use of the well known negative tem- 
perature coefficient of thermistors applied in 
a transistor circuit. 


[ 932—Core Factors in Magnetic Switch 
Performance, October 1959, 4 pages. In 
“rectangular”-loop core materials for static 
switch applications, permeability variation is 
a major and uncontrollable factor. Core test 
and switch design methods for determining 
and compensating for magnetic variations 
are presented. 


© 910—Effects of Temperature on Mag- 
netic Core Materials, October 1959, 8 pages. 
Primary design data for most commercially 
significant magnetic alloy types used for 


transformers, magnetic amplifiers, relays, 
servomotors, etc. in military applications. 
Measurements include d-c magnetization 


curves, initial and maximum permeabilities, 
plus a-c and d-c values of “squareness” 
ratio, remanence, saturation magnetization 
and coercivity for L-Silectron, Transformer- 
A, 11.7 and 15.5 Alfenol, 3 Mo Thermenol, 
Supermendur, 7-70 Perminvar, Orthonol, 
AEM 4750, 4-79 Mo Permaloy. 


[) 942—The Four-Bar Linkage as a Func- 
tion Generator, October 1959, 9 pages. Ad- 
vantages of the four-bar linkage as a com- 
puting and control element are outlined, 
with examples of both graphic and analyti- 
cal methods of linkage design and evalua- 
tion. 


C) 913—Engineered Cooling Cuts Equip- 
ment Bulk, September 1959, 10 pages. The 
essential theory and key design concepts of 
heat-fiow engineering were established in the 
Basic Science article “Heat Flow Theory” 
(ELECTRICAL MANUFACTURING, April 1959— 
see also Basic Science Reprints page in this 
issue). The present article, by the same au- 
thor, projects these principles into specific 
analytical design procedures for heat ex- 
changers for cooling and adding heat as 
desired in equipment assemblies and enclo- 


sures. 






1 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 2 
pages. Revised specifications for the 
application of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint Indus- 
try Conference held in Detroit, March 
1957. Single reprints, no charge. Mul- 
tiple quantities may be obtained at 
the following prices: 5—$3.75; 10— 
$6.00; 25—$1i2.50; 50—-$20.00; 100— 
$30.00. Send check with order pay- 
able to ELECTRICAL MANUFACTURING, 
205 East 42 Street, New York 17. 
















© 940—Joint Factors in Stacked Magnetic- 
Core Design, September 1959, 8 pages. For 


167 





a. 








Chicks at 
stake ? 


MAIL COUPON FOR CATALOG OF 
MERCURY DISPLACEMENT RELAYS 





Where thousands of baby chicks 
are at stake, a temperature change 
of only a few degrees can be 
disastrous. Small wonder that 
incubator manufacturers turn to 
reliable Adlake 1140-45 mercury 
displacement relays to keep their 
products in constant operations. 


1140-45-MM Style. 
Normally open, 
quick acting con- 
tact. Coil: 18-24 
volts 60 cycies. 





The Adams 4 Westlake Company, 
Department K-8208, 
Relay Division, Elkhart, Indiana 


name 


company 


address 


city and state 
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Circle 182 on Inquiry Cord 


transformer and other magnetic laminated 
core designers and for producers of electri- 
cal steel it is important that a separation be 
made between the properties of magnetic 
materials and the effects due to joints and 
other mechanical factors. Analytical meth- 
ods for segregating material from other ef- 
fects in stacked cores are presented 


() 909—Determination of Electrical Resist- 
ance of Metal Parts, September 1959, 6 
pages. A tabular compilation of electrical 
resistivity characteristics in metallic mate- 
rials most likely to be used in design. Meth- 
ods for calculating total resistivity are given. 
Also presented is a nomogram for calculat- 
ing total resistance of circular cross-sections 
of metals 


(5 922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma- 
chine control systems, prepared by the 
Piant Engineering Electronics Committee of 
General Motors Corp., are offered for gen- 
eral industry use in conjunction with the 
JIC Standards for Industrial Equipment (see 
Reprint 924) 





PLUS or Minus 


(Continued from page 14) 


beautiful ribbons.” And the very next 
day, the managers saw a new sparkle 
in the air, and they heard a happy 
humming and buzzing. Following the 
sparkle and the humming and buzzing, 
they found in the Inspection Room a 
Magic Box. And through this Magi 
Box miles and miles of their beautiful 
ribbons ran—so fast, they couldn’t even 
move. But they were sure it 
moved, because on the far side of the 
Magic Box ribbon was piling up, all 
neatly packaged into big, golden cases 
marked with large silver letters that 
spelled: PERFECT. And in the corner 
behind the Magic Box there was a 
very small wastebasket marked with 
small letters that spelled: IMPER 
FECT. And into the wastebasket drop- 
ped a few bits of ribbon from the 
Magic Box, but only Once In A While. 

The managers were so happy, and 
the customers so happy. And just as 
the managers and the elegant custo- 
mers were about to go to lunch to sign 
a contract for lots more ribbons, they 
heard some heart-rending sobs. And 
they found Joe, the meticulous inspec- 
tor, sitting behind the new magic box, 
crying his heart out. 

“But, Joe,” the distinguished man- 
agers said, “whatever is making you 
cry?” Joe couldn’t speak, he merely 
nodded toward the Magic Box. 

“But, Joe,” the elegant 
said, “aren’t you happy that we won't 
have to wait for our beautiful ribbons 
any more while you check it carefully 


see it 


customers 


(Continued on page 174) 








improve 
Dielectric Strength 
with 
WEST VIRGINIA 


PRESSBOARD INSULATION 


Three grades, each combining low 
cost with the higher dielectric 
strength a design engineer wants in 
insulation. 

Made of 100°; virgin kraft pulp 
from our own pulp mill. This assures 
uniform quality, no metallic particles. 


PRESSITE: An absorbent, unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natu- 
ral kraft color. .031” to .250”. 


ELECTRITE: A hard board 
high tensile strength. All punch- 
ings are clean and smooth. Sized 
with natural rosin to resist mois- 
ture. Available in brown or black. 
.031” to .187”’. 


with 


DENSITE: An extremely hard 
board with great tensile strength. 
Sized for moisture resistance or 
unsized for applications in oil. 
Natural kraft color. .031” to .125”’ 


Ask for Underwriters Laboratories 
#E3987. Write Board Producta Sales, Weat 
Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


re port 


West Virginia 
Pulp and Paper 
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Special Century Motors Control 
Belt Screech 


These Century polyphase motors are designed for low starting 
torque. They are mechanically interchangeable, rating for rating, with 
Standard Design B motors. But, as shown in the speed-torque curve, 
they are internally designed for static torque only 50°; more than full 
load torque. There are some applications where this low torque at 
standstill is an advantage 


Belted drives have always been the cause of some noise—the same 
disturbing sound made by tires skidding on pavement. Flat belts had 
a characteristic sound at all times, varying from a ‘‘singing”’ sound to 
a real ‘‘screech.”’ In recent years, quiet belted drives have been pos- 
sible with the universally used V-belts. A continuing problem has been 
to start the driven machine without a few seconds of screech. When 
the typical motor (Design B or Design C) is energized, it develops so 
much torque that even properly applied V-belts are apt to screech as 
they bite into the sheaves. In many locations this noise is objection- 
able. And the high starting torques impose unnecessary strains on the 
driven machine 

For driven machinery (such as blowers) having a low starting 
torque requirement, we have found that the objectionable noise can 
be eliminated by this special design motor. This proved to be a simple 
solution to a vexing problem for several 


SPtED ————o 


PER UNIT 


> SYNCHRONOUS SPEED 


a 


6 
PER UNIT TORQUE — 
Comparison of typical rating — NEMA DESIGN “B™ and SPECIAL LOW TORQUE DESIGN 


of our customers. For help on your motor CENTURY ELECTRIC COMPANY 


problems, call your Century Sales Office 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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BASIC SCIENCE Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


ORDER FORM | 


No. of 
copies 


Basic Differential Equations 


Logic—and Switching Circuits 
Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 


The Electric Field 


Heat Flow Theory 


Slide Rule Mathematics 


Total Copies 


170 


Microwaves—Principles and Devices 


Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 
Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering 


Infrared—Fundamentals and Techniques 


Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 


Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 


Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index .. 


Casting Resins and Application Techniques .... 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


Please enclose remittance 
(cash or check) with your order. 


Price 


PTET EEE 


$ 
Total Order 


TITLE 


(Add 3% City Seles Tax for New York City delivery.) 
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Reprint Title 


Microwaves 
Differential Equations 
Electrical Analogs 
Transformer Materials 
Molecular Engineering 
Logic 

Infrared 
Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 
The Electric Field 
Shock and Vibration 
Key to Metals 

Heat Flow Theory 
Ferromagnetism 
Fourier Analysis 
Automatic Control Systems 
Boolean Algebra 

Slide Rule Mathematics 
Casting Resins 


©) Microwaves — Principles and Devices, 
August 1960, 24 pages. An introduction to 
theory and techniques involved with that 
portion of the spectrum known as micro 
waves. Basic laws and equations of electric 
and magnetic fields include a derivation of 
Maxwell's equations. From this foundation, 
the discussion proceeds to the propagation 
of microwaves in various media, including 
two-conductor, round and square wave- 
guides. Principles are applied to the design 
and use of four important, practical types 
of microwave equipment: the slotted line, 
the dummy load, rotary joints, and pre 
selectors $1.00 


Basic Differential Equations, July 1960, 
20 pages. Differential equations are mathe 
matical models to describe relationships of 
mass, motion and time as functions of inde- 
pendent variables. In network applications, 
the independent variable is always time; in 
non-network applications it is length or 
time. The physical problems of the effects 
of mechanical forces, of temperature, of vi 
bration, etc., expressed by mathematical 
symbols, can be analyzed and solved. Basic 
differential equations and methods of solu- 
tion are demonstrated $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. Dynamic states 
of mechanical systems are readily visualized 
and evaluated by translation of the system 
parameters into electrical network equiva- 
lents and the use of network analysis meth- 
ods. The reasoning behind the analog ap- 
proach, and the various analog forms which 
may be used, are explained and illustrated. 
Included are thorough discussions of the 
principle of duality of analog, the reasons 
for choosing a circuit or its dual for a par- 
ticular analysis, and the use of distributed- 
parameter networks (long lines) to simulate 
certain mechanical elements. $1.00 


©) Introduction to Molecular Engincering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. The definitions are supported 
by brief examples. The various approaches 
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to molecular engineering are examined. 
Considerations such as purity and form of 
materials are discussed. Part II examines the 
elements of the classical macroscopic ap- 
proach to the behavior of materials as well 
as the microscopic or molecular approach. 
Part III provides extended examples of mo- 
lecular engineering in the areas of electrical 
insulation, microwave amplifiers, thin-film 
devices and microminiature electronics func- 
tion blocks. Tables, charts, literature refer- 
ences, and glossary. $1.00 


t--- ee eer 
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| () Transformer Materials for Ex- 
treme Environments, March, April, 
May and June 1960, 28 pages. A se- 
ries of four articles interpreting re- 
search and development on small 
transformers designed to operate un- 
der extreme environments of 500 C 
temperature and nuclear radiation. 
This series on the work carried out 
under Air Force and Bureau of Ships 
contracts presents the development 
and results of research on: electrical 
insulation materials, magnet wire 
(both wire and insulation), magnetic 
core materials, and transformer struc- 
tural materials used in the design of 
these components. $1.00 





[) Logic —and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle's 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-sche- 
matic form. Modern logic is presented as a 
powerful tool for the engineer who must 
find the optimum out of many possible solu- 
tions to a problem for which there is no 
unique, neatly labelled true-or-false answer. 
The article deals with methods applied to 
solve the problems of circuit synthesis, the 
principles of circuit design, and the funda- 
mental ideas which can be applied to the 
design of the most complex circuitry. The 
principles underlying the design and use of 
computing machines are given $1.00 


) Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. A com- 
prehensive introduction to the theory of one 
of the most rapidly growing fields in engi- 
neering. Basic principles of radiation and 
detection (including Wien's Law, Rayleigh- 
Jeans Law) are derived and explained. Ef- 
fect of infrared on metals, ionic crystals, 
and semiconductors is described with regard 
to the use of these materials in infrared sys- 
tems and devices. Various types of sources, 
windows, prisms, detectors, and spectro- 
graphs are discussed qualitatively. Also in- 
cludes theory of use of infrared in practical 
applications such as thermal mapping, mis- 
sile tracking, chemical analysis, etc. $1.00 


(1) Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermoelec- 
tric phenomena are considered: power gen- 
eration, heating, cooling, and temperature 
sensing. Author Robert P. Benedict, of 
Westinghouse Electric Corp., is an authority 
on thermocouples. $1.00 


( Network Analysis, January 1960, 28 
pages plus cover. With preliminary concen- 
trated treatment of elementary concepts of 
circuit analysis, the author presents a discus- 


AUGUST 1960 


sion of present-day practices in network en- 
gineering and their theoretical background. 
Network theory as a coherent and unified 
study is stressed, as contrasted with the less 
powerful and less useful traditional ap- 
proach to circuits which involved isolated 
and unrelated “methods” of analysis. $1.00 


[) Determinants and Matrices, December 
1959, 20 pages plus cover. The electrical net- 
work is used as the primary example of the 
engineering problem in which analysis leads 
to mathematical systems of equations that 
readily become so numerous and involved 
as to require an objectionable amount of 
time for manipulation. The principles treat- 
ed in this article apply to all problems in- 
volving numerous mathematical statements. 
Included are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher-order 
systems, and the underlying principles of 
matrix algebra with examples to demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


C) Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch, analog- 
digital converter, digital computer, etc. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Written by 
Carl O. Carlson of the National Cash Reg- 
ister Co., whose contributions to the art in- 
clude: the use of the normalized sT plane 
for analyzing sampling adequacy, “pseudo- 
sampling” for determining between-sample 
response and the use of the z transform for 
table-generating function. The last is pre- 
sented for the first time in this article. $1.00 


© Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering 
feature both safe and handy will 
want this maroon-colored binder 
made of flexible, Morocco-grained 
leatherette stamped in gold. The 
standard 1%-in. rings will accom- | 
modate about twenty S & E re- 
prints $2.50 | 


© Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
An _ engineer-oriented examination of the 
basic quantum mechanical principles uader- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. Written 
by R. D. Haun, Jr., and T. A. Osial of the 
Westinghouse Research Labs. $1.00 


© Digital Methods in Measurement and 
Control, September 1959, 20 pages plus cov- 
er. This review of digital techniques covers: 
(1) characteristics and advantages of the 
digital, or numerical approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage, including 
flip-flops, AND, OR, NOT, NOR circuits, com- 
parators, memory devices and relative char- 
acteristics of cores, tubes, transistors and 
relays; (4) digital measurement devices, in- 
cluding pulse generators, counters, voltage 
converters, proximity pickups and position 


transducers; (5) digital control actuators. 
Written by Michael H. Nothman, Gilfillan 
Bros., Inc., Los Angeles. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for me- 
chanical, electrical and chemical properties 
of polymers. Bibliography and glossary pro- 
vided. Written by Thomas D. Callinan, Re- 
search Center, International Business Ma- 
chines Corporation, and Alex. E. Javitz, 
Special Features Editor, EvecrricaL MANvu- 
PACTURING. $1.00 


©) The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. Jacobs, 
Associate Editor, ELECTRICAL MANUFACTUR- 
ING. $1.00 


© The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The nature of 
shock and vibration is given in terms of 
classical physics and mechanics. The major 
types of vibration are discussed (periodic, 
random, structural and airborne); also the 
major types of shock (velocity, simple im- 
pulse, single complex and multiple). Com- 
bined environments are also treated. A sec- 
tion is devoted to the effects of shock and 
vibration on missile electronic components. 
Types of damage are tabulated and ana- 
lyzed; principles of testing are given; specifi- 
cations are summarized. Glossary and Bibli- 
ography included. Author is Dr. Irwin 
Vigness, Head, Shock and Vibration Branch, 
Mechanics Division, U. S. Naval Research 
Laboratory. $1.00 


© Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of met- 
allurgy are presented and structural charac- 
teristics of metals related to design concepts. 
Physical and mechanical properties of met- 
als defined. The nature and specifications of 
metals are detailed for better understanding 
of current literature. The effects of environ- 
ment and mechanisms of damage are illus- 
trated. Iron and steel, alloys of aluminum, 
precious and rare metals, copper, nickel and 
magnesium are presented in their basic de- 
sign relationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Community 
College, and Harold E. Barkan, Associate 
Editor, ELBctricaL MANUPACTURING. $1.00 


© Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major analytical 
techniques developed over the years to solve 
heat flow problems. Basic equations for 
conduction, convection and radiation are 
derived. Dimensional analysis is used to es- 
tablish the parameters and the various 


“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection expres- 
sions. Empirical equations are solved using 
simulated experimental data. Examples are 
chosen from electrical and electronic (tran- 
sistor) applications. Written by Allan D. 
Kraus, an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


0 Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Explains magnetic be- 
havior and properties of magnetic materials 
in terms of fundamental electron interac- 
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VFB 


announces... 
3 new R's of 
instrument 


bearings 


Latest additions to the large, fast- 
growing MPB family are ultra-preci- 
sion R2, R3, and R4 instrument 
bearings. 


To their many familiar applications 
such as computers, servos, synchros, 
gyros and generators, MPB’s R Series 
bearings bring quieter performance, 
longer life and reduced friction — the 
results of MPB's advanced production 
techniques, thorough quality control 
and constant emphasis on precise, 
accurate bearing geometry. 


e 


Basic material for the R Series is 440C 
stainless steel. A new type ribbon re- 
tainer, for low uniform torque, is 
available, as are duplexed mountings 
and preloaded pairs. ABEC Class 7 
tolerances maintained in all types and 
sizes. Standard dimensions are 


Find out now how MPB bearings and 
technology can benefit your products. 
Call your MPB Sales Engineer or write 
for information. Miniature Precision 
Bearings, Inc., 508 Precision Park, 
Keene, N. H. 


MEB Helps you 


perform miracles in miniaturization 


Circle 186 on Inquiry Card 


} 
| 
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tions. Includes: Origins of Ferromagnetism, 
Internal Structure of Ferromagnetic Mate- 
rials; Magnetization Curves; Times Effects in 
Soft Materials; Effects of Atomic Ordering in 
Alloys; Interactions for Heterogeneous Sys- 
tems; Magnetic Materials of the Present and 
Future. Written by Anthony Arrott and JI 
Goldman of The Scientific Laboratory Ford 
Motor Co $1.00 


© Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. In system and subsys- 
tem design, Fourier analysis permits the de- 
sign engineer to design or select devices for 
a particular transient performance solely on 
the basis of their steady-state sinusoidal per- 
formance. A _ thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular 
problems often encountered. Written by Ira 
Ritow, Airborne Instruments Laboratory 
$1.00 


COMPENDIUMS 


(] Automatic Control System Design, 64 
pages plus cover. A practical textbook, com 
plete as to theoretical detail, on the design 
of servomechanisms. In the process of de 
scribing design by transfer function, system 
equation, and root-locus methods, techniques 
of analysis such as Bode diagrams, Routh's 
criterion, and Nyquist plots are also present 
ed. Includes background material on com 
plex variables and Laplace transforms, bibli 
ography for further study. Originally pub 
lished in ELeCTRICAL MANUPACTURING as a 
series of six articles. Includes: Control Sys- 
tem Representations, December 1959 issuc 
a two-page chart showing seven basic con 
trol-system element classifications and their 
various common representations, including 
transfer functions, equivalent analog com 
puter circuits, Bode diagrams, Nyquist dia 
grams, and time constants. Written by Ira 
Ritow, Airborne Laboratory 
$3.00 


Instruments 


) Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. A 
practical guide to the understanding of the 
slide rule and its application to engineering 
problems, this combined reprint traces the 
logical development of the slide rule's fun 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera 
tion; Trigonometry: The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions 
Phasor Calculations; The Circular Slide 
Rule. Written by Ira Ritow $1.00 


[) Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 

both combinational and sequential 

in any medium: mechanical, elec- 
trical, hydraulic, electronic or solid 
state. Includes five previously pub 
lished articles plus a never-before-pub 
lished appendix. Written by Boris 
Beizer, Airborne Instruments Labora- 
tory, and Stephen W. Leibholz, Re- 
public Aviation Corporation. $2.00 


(J Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A short 
cut to research for design engineers. Book 
lists, by functional subject classification and 
with succinct annotations, every feature 
article and major “Design Trends” short 
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE... 


Stable operation from +700 to -70 F 


Under 
General Electric resistors maintain their 


searing heat or sub-zero cold, 
rated ohmic values. Actual laboratory 
tests have proved that these vitreous- 
hold their rated 
resistance under ambient temperatures 


+700 F to 70 F. 


enameled resistors 


from 


These General Electric resistors are 
available in over 1400 combinations of 
(5 to 200 watts), types, and 
mountings. Stable operation is but one 


ratings 


of their outstanding qualities: They 
have sufficient terminal strength to hold 
up to 21 pounds of right-angle pull, 
and special terminals are available to 
hold up to 34 pounds. Their vitreous- 
enamel coating provides resistance to 
adverse atmospheric conditions. 


Like to know more? Ask your Gen- 
eral Electric Apparatus Sales Engineer 
for a free set of sample resistors and 
test them yourself! And mail this cou- 


pon today for the 36-page catalog con- 
taining complete information on ratings, 
dimensions and ordering directions. 


NEED OTHER COMPONENTS? 
General Electric also has complete 
lines of contactors, relays, and plate 
rheostats for all your control needs. 
For more information, contact your 
General Electric Sales Engineer or mail 
this coupon today! Industry Control 
Department, Salem, Virginia. 


GENERAL @@ ELECTRIC 


D-<c contactors and reloys—feature new 
“building-block” construction to give maxi- 
mum flexibility with minimum inventory 


Plate-type rheostats—windings are complete- 
ly encased in metal to give longer and 
more reliable service for any application. 


Section 784-23 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 


O GEA-6592—Vitreous-enameled resistors 
0 GEA-6474—Plate-type field rheostats 
0 GEA-6621—D-c contactors and relays 


Name 
Company 
Address 


City __ State 
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3 Ways to 
Slash 
Fastening Costs 
with 
mea On 


LOCK NUTS 
and 


wt, | ae) 


1. Save on First Cost 


PALNUT Lock Nuts and Fasteners 
are precision-produced in enormous 
volume at exceptionally low cost. 
They are priced lower than other 
locking methods, often less than 
plain nuts. 


2. Save on Assembly Cost 


PALNUT Lock Nuts and Fasteners 
apply easily and fast with ordinary 
tools. Assembly is greatly simplified 
and speeded-up by using PALNUT 
magnetized sockets and applicators 
which permit picking up, starting 
and tightening in one high-speed 
operation. 


3. Save auxiliary parts 
and operations 


A single PALNUT Lock Nut or 
Fastener replaces two, three, even 
four fastening parts according to 
application. You can eliminate lock- 
washers, flat washers, sealer washers 
and cotter pins. You can save the 
extra cost of threading, drilling or 
pots other fastening members. 
Assemblers handle a single PALNUT 
—reducing parts to buy, stock and 
assemble. 








PUSHNUT”® FASTENERS 
for unthreaded studs 
and rod 
push on for fast as- 
. Strong spring grip 

parts ; 


2068 


PALNUT SELF-THREADING NUTS 


Make their own threads while tightening on 
unthreaded studs, rod and pins of mal. 
leable material, @ cost of - 
apply fast — hold tight. 








Write for latest cetalog and free samples, stating type, size and application. 
Also consult Sweet's Design File. 


THE PALNUT COMPANY 





CIV wT? 





LOCK NUTS and FASTENERS 


DIVISION OF UNITED-CARR FASTENER CORPORATION 
66 Glen Road, Mountainside, N. J. 
Caneda: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 
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article published in Evecrrica MANUFAC 
TURING during the 5-year period from 1951- 
1955, $1.50 


© Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, en- 
capsulation, and impregnation of circuit 
units and components. Individual articles 
cover: property data on casting resins; eval- 
uation tests on resin systems; results of en 
vironmental tests on embedded units; proces» 
control problems. Annotated bibliography of 
articles is included. $2.00 





PLUS or MINUS 


(Continued from page 168) 


inch by inch—to make sure it is per- 
fect?” 

Joe shook his head and went on cry- 
ing. “But, Joe.” the distinguished man- 
agers said, often said that 
looking at the ribbon—inch by inch— 
made your eyes sore, and that bending 
over the ribbons made your back ache, 
and that standing up made your feet 
hurt. And you know how your ulcers 
acted up when you worried that you 
might miss a flaw once. Aren't you 
happy that the good fairy gave us this 
Magic Box?” 

But Joe was 
wouldn't be 


“ ° 
you ve 


inconsolable because 


now he needed at the 
more, and he 


beautiful 


lovely factory any 
wouldn't be able to inspect 
ribbons any more 

One of the managers pulled the lobe 
of his ear and said, “That's right, but 
perhaps Joe could just rest his eyes 
and his back and his feet and sit out 
side in the sunshine in the factory 
garden and let his ulcers heal.” But 
nothing anyone said seemed to make 
Joe happy. And of course, the distin 
guished managers and the elegant cus 
tomers felt just terrible. The good fairy 
stopped by later in the afternoon and 
she was upset when she heard why 
everybody was so unhappy! “I'll just 
think of to help 
you,” she sighed, once a 
Magic Box is working it can't be taken 
away. But I'll try to think of some 
thing. 

So... when they opened the factory 


have to something 


“hecause 


on the next morning, they found three 
Magic Boxes and beside it hundreds of 
the golden cases filled with the PER- 
FECT ribbon. The good 


smiled. 


fairy stood 


before them and “Everybody 
can be happy, now,” she said happily. 
And she handed Joe a magnificent 
wheel that looked just like the steering 
wheel of the Cadillac Joe had always 
admired. “This wheel is for you, Joe,” 
the good fairy smiled. “It turns to the 


(Continued on page 176) 
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When you are looking for outstanding reli- 
ability, even under severe operating condi- 
tions, you can count on Epon resins to give 
you the excellent electrical and mechanical 
performance you require. 


For example—Epon resins have truly 
amazing adhesive qualities—form strong 
bonds to metal, glass, and plastic. They assure 
air-tight, moisture-tight enclosure for delicate 
components and vacuum tubes. Even when 
exposed to solder-bath temperatures, Epon 
resins retain their dimensional stability. 


Epon resin-based insulating varnishes and 
potting compounds, in addition to providing 


For lasting dependability, specify... 
SPOON RESINS 


’ 


excellent moisture sealing, have outstanding 
resistance to attack by solvents and chemi- 
cals, even at high temperatures. 


When reinforced with inert fibrous filler, 
Epon resins produce base laminates of supe- 
rior dielectric properties that can be sheared, 
punched, drilled, and bath-soldered. 


Solvent-free Epon resin adhesive formula- 
tions require contact pressure alone and cure 
at room temperature, or with low heat for 
accelerated curing. 

Will Epon resins solve a production prob- 
lem for you? For a list of resin formulators 
and technical literature write to: 


SHELL CHEMICAL COMPANY 


PLASTICS AND RESINS DIVISION 


110 WEST SIGT STREET, NEW YORK 20, NEW YORK 


entrol District East Cente ! 
574 Center Ridge & 
Cleveland 14. Oh 


IN ANADA, Chemica! Division 
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Eastern District Western District 


42.76 Main Street 10642 Downey Avenue 
Flushing 55. New York Downey, California 


mpany of Conado 


mited, Toront 
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NIPPERT 


DRAWN 
COPPER 
SHAPES 


Nippert produces rectangular 
bare wire, bus bar, commutator 


bar... 


. and special shapes. Our 


processing methods control struc- 
ture and temper; provide good 
finishes and close tolerances. Ma- 
terials to match your specifica- 


tions for electrical, 


thermal or 


structural applications. Send us 
your design or production prob- 


lem. . 


ALLOY 
(Zr-Cu) 


PATENTED 


‘ 


. ask for bulletin. 


SILVER-BEARING COPPER 

OFHC® COPPER 

OFHC® SILVER-BEARING COPPER 
ELECTROLYTIC COPPER 
ALUMINUM 

OTHER NON-FERROUS METALS 


N-4 alloy, developed by 
Nippert, offers these 
Properties 

High Strength at prolonged 
temperatures up to 750 °F 
Electrical Conductivity from 
90 to 96 percent 1.A.C.S 
Consistency in structure ond 
temper from lot to lot. 


ELECTRIC PRODUCTS 


ry 


co 
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right and to the left. Now you will 
stand behind the ribbons, just as you | 
Joe. You'll watch the 
ribbons pass through the three Magic 
Boxes. When the ribbon is PERFECT, 
you'll turn the wheel to the right. 
When you see a flaw, you'll turn the 
wheel to the left. Does this seem al- 
right, Joe?” Alright! Well, Joe could 
have turned handsprings. He was that 
happy. To be able to stay with his 
beautiful ribbons in the lovely factory. 
And a Cadillac wheel besides! 

“But how’'ll Joe see the flaws, when 
the ribbon whizzes by?” asked the 
managers, who didn’t understand any- 
thing. “But will we still get all our 
ribbons quickly?” asked the customers, 
who didn’t understand anything either. 

“Oh, that’s simple,” the good fairy 
said. “By turning his wheel, Joe will 
signal to one of the Magic Boxes what 
he sees. The other two Magic Boxes 
will inspect the ribbon just as quickly 
as if Joe and his wheel were not there. 
And just before the ribbons go either 
into the golden cases or the waste- 
basket, the three Magic Boxes will all 
should go. And, of 
course, the majority will decide.” And 
every body 


always have, 


vote where it 


then was so happy, they 
laughed and they hugged each other, 
and the good fairy smiled and disap- 
peared. 

And now the ribbons just go whiz- 
zing through the Magic Boxes, and by 
vote they are directed into the golden 
or the wastebasket. And the 
managers and the customers are very 
happy. And Joe stands there and he 
turns his Cadillac wheel. His back still 
aches, and his feet still hurt. His eyes 
aren't so sore now, they just flicker a 
little, because it’s hard to watch a blur 
of ribbon whip by so fast. The colors 
more beautiful than ever. Joe 
doesn’t have to turn the wheel to the 
left too often. He really isn’t sure just 
when it needs to be turned left at all, 
the ribbons whiz by so fast. But Joe 
knows from experience that there must 
-every ten min- 


cases 


are 


be a flaw occasionally 
utes or so. In fact, he’s got so used to 
it, he just automatically the 
wheel to the left every ten minutes. 
Oh, have healed. 
You see, he doesn’t have to worry any 
more. Because, even if he does make a 
signals an error to one 
Magic Box, there are the two other 
Magic Boxes to which his wheel is 
not connected. And before even an inch 
of ribbon can go into the golden cases, 
all three Magic Boxes vote. And the 
always wins. A.M.H. 


turns 


yes! Joe’s ulcers 


mistake and 


majority 


|; 1008 WESTMORE AVENUE « 
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SQUARE-LOOP 
| TAPE CORES 
TO MEET YOUR 

TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores fo exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

with fully guaranteed uni 

formity ... under rigid standards 
of control and inspection 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


' PER - 





pov na c Of] 


DYNACO 


DYNACOR, 


INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


MARYLAND 


ROCKVILLE, 
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Weare gour” e vi N. ®TRary, gutomaticaly wtng 
Integrated BRUEL & KJAER Instrument Systems 


The Bruel & Kjaer “building block” concept offers companies 
who are taking the first steps toward setting up testing 
facilities the assurance that the first instruments they buy 
will serve as the foundation for later expansion. If more 
complex vibration, acoustical, frequency response or data 
analysis instrument systems are required, other units are 
added to those already installed. 


SOUND LEVEL MEASUREMENT INSTRUMENTS 


Dynamic Range: 15 db to 200 db re 0.0002 dynes/cm?2 
Frequency Range: 10 c/s to 35,000 c/s 


Read Out: TRUE RMS, Average or Peak on Meter or Chart 
Recording 


Accuracy: + 0.5 db 


VIBRATION MEASUREMENT INSTRUMENTS 


Dynamic Range: 0.002G to 2000G 
Frequency Range: 10 c/s to 25,000 c/s 


Read Out: TRUE RMS, Average or Peak on Meter or Chart 
Recording 


Accuracy: + 0.5 db 
AUDIO SPECTRUM ANALYSIS INSTRUMENTATION 


Voltage Range: 5 micro volts to 1000 volts 

Frequency Range: 10 c/s to 35,000 c/s 

Filter Band Widths: 6% to 30%, V3 octave; full octave 
Tuning: Manual or Automatic 


Read Out: TRUE RMS, Average or Peak on Meter or 
Calibrated Chart 


Accuracy: -+- 0.5 db 


FREQUENCY RESPONSE MEASURING INSTRUMENTATION 
Frequency Ranges: 2 to 2000 c/s, 20 to 20,000 c/s, 
200 to 200,000 c/s 
Tuning: Manual or Automatic 
Signal Distortion: 0.1% to 0.5% 
Test System Correction: Electronic Servo Automatically 
Corrects for Test 
System Non-Linearities 
Read Out: Meter or Frequency-Amplitude Calibrated Chart 


Accuracy: Frequency, 1% + 1 c/s 
Amplitude, +- 0.2 db to 0.5 db 


WRITE FOR 24 PAGE CATALOG 


Gives data, in condensed form, on the more than fifty instru- 
ments and accessories in the complete line of Bruel & Kjaer 
instruments for automatically measuring sound, vibration 
and strain. 


B & K INSTRUMENTS, Inc. 


Provides experienced application engineers to aid you in 
establishing: Measurement programs, test instrumentation, 
special accessories to complete instrument systems. Call or 
write for technical information or consultation. 


B & K INSTRUMENTS, Inc. 


eM MU SUSE SSM O ASLO Mere rl Cime. RL! 
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LITERATURE for the Design Engineer 





All-new listings of manufacturer's literature just off the press . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


TUBE VS TRANSISTOR STUDY 


Comparative study of electron tubes 
and transistors considers inherent 
characteristics of each, potential ca- 
pabilities, refinements, new develop- 
ments and specific design considera- 
tions: 61 pages, illustrated. Electron 
Tube Information Council, 554 Fifth 
Ave., New York 36. 

Circle 756 on postcard at end of book 


THERMIONIC POWER DIODES 


Technical Bulletin deals with 15 mini- 
ature clipper diodes and rectifier tubes. 
Six-page engineering data and ratings 
brochure includes electrical and me- 
chanical specifications, performance 
and test graphs, and dimensional draw- 
ings of military and industrial devices. 
United Electronics, 42 Spring St., Ne- 
wark 4, N. J. 

Circle 757 on postcard at end of book 


SILICON RECTIFIER INFORMATION 


Four data sheets, numbered 6SI-101 
through 104, cover many technical as- 
pects of application, heat-sink require- 
ments, surge-voltage protection, paral- 
lel operation and series operation of 
silicon power rectifiers. Additional 
information included in curves, dia- 
grams, formulas and charts. Fansteel 
Metallurgical Corp., Publications 
Dept., North Chicago, IIL 

Circle 758 on postcard at end of book 


SILICON DIODES 


Bulletins B217-1B and B217-2B present 
information on general-purpose and 
fast-switching, small-area silicon junc- 
tion diodes in glass packages 0.265 in. 
long, less leads. Dimensions, charac- 
teristics, ratings and specifications are 
described. Transistor Div., Clevite 
Corp., Waltham, Mass. 

Circle 759 on postcard at end of book 


SILICON TRANSISTOR 


Two-page Information Sheet 2N1660 
presents complete specifications of a 
high-powered unit with specified high- 
trequency current gain (minimum of 
4 at 6 mc) and a d-c current gain of 
45 at 1 amp. Power output, 85 watts. 
Applications of n-p-n transistor include 
power oscillators, power amplifiers, 
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regulated power supplies and com- 
puter core drivers. Semiconductor Div., 
Raytheon Co., 215 First Ave., Needham 
Heights, Mass. 

Circle 760 on postcard at end of book 


TRANSISTOR TESTING EQUIPMENT 


Brochure, four pages, describes the 
Itvac family of automatic test and 
classification equipment for semicon- 
ductor devices. Equipment tests para- 
meters of all types of transistors at 
rates varying from 750 to 3600 per hr. 
Brochure describes uses and function 
of equipment, tests performed, and test 
limits available. Industro Transistor 
Corp., 35-10 36th Ave., Long Island 
City 6, N. Y. 

Circle 761 on postcard at end of book 


COMPLEX RATIO BRIDGE 


Two-color, four-page Brochure CRB 
describes a bridge that measures both 
in-phase and quadrature voltage ratios 
with high accuracy. Text includes ap- 
plications, technical specifications, cir- 
cuitry description and simplified block 
diagram. Unit achieves in-phase ratio 
accuracy as good as 0.0001 per cent 
and provides up to 6-place resolution. 
Gertsch Products, Inc., 3211 South La 
Cienega Blvd.. Los Angeles 16. 

Circle 762 on postcard at end of book 


INTEGRATOR /AMPLIFIER 


Two-page Data Sheet N504 outlines 
features and specifications of an in- 
tegrator/amplifier which integrates an 
accelerometer signal to give a voltage 
proportional to velocity. Displacement, 
velocity, or acceleration may be meas 
ured. Bulletin explains that no external 
accelerometer matching device is need- 
ed. MB Electronics Div., Textron Elec- 
tronics, Inc., Box 1825, New Haven 8, 
Conn. 

Circle 763 on postcard at end of book 


SOLID-STATE POWER SUPPLIES 


Brochure of four pages contains infor- 
mation and specifications on d-c to d-« 
converters, d-c to a-c inverters and a-c 
to d-c power supplies for laboratory, 
airborne, mobile, communications and 
automation applications. Electrody- 
namic Instrument Corp., 1841 Old 


Spanish Trail, Houston 25, Texas. 
Circle 764 on postcard at end of book 


DUAL POWER SUPPLY 


Compound regulated dual power sup- 
ply is announced in Specification Sheet 
R-300. Unit consists of two supplies on 
one chassis, with common reference, 
which provide +300 volts d-c, each 
rated at 300 ma. George A. Philbrick 
Researches, Inc., 285 Columbus Ave., 
Boston 16, Mass. 

Circle 765 on postcard at end of book 


CATHODE FOLLOWER 


Model 4003 three-channel cathode 
follower is described in two-page bul- 
letin which includes data on all char- 
acteristics frequency _re- 
sponse (0.02 cps to 1 mc), gain, input 
and output impedance, input capaci- 


including 


tance, noise level and peak overload 
voltage. Columbia Research Laborator- 
ies, MacDade Blvd. and Bullens Lane. 
Woodlyne, Pa. 

Circle 766 on postcard at end of book 


D-C AMPLIFIERS AND CHOPPERS 
Typical applications and typical cir 
cuits are found in “Tung-Sol Tips” No. 
®, four pages. Both vacuum-tube and 
solid-state d-c amplifiers are consider- 
ed. Choppers as circuit elements are 
discussed. Tung-Sol Electric Inc., 95 
Fighth Ave., Newark 4, N. J. 

Circle 767 on postcard at end of book 


PROCESS INDUSTRIES COMPUTER 


Two-page Bulletin CM-3-460 describes 
a solid-state analog computer which 
gives real-time solutions for problems 
involving control of variables in chemi- 
cal, petrochemical, refining and pro- 
cess industries. Input is from electronic 
transducer. Output is to meter, re- 
corder or controller. Southwestern In- 
dustrial Electronics Div. of Dresser 
Industries, 10201 Westheimer Rd., 
Houston 27, Texas. 

Circle 768 on postcard at end of book 


SOLID-STATE AUDIO AMPLIFIERS 


Technical Bulletin 570 gives technical 
characteristics of a-f amplifiers which 
are constructed to fit into standard 
seven-pin or eight-pin sockets. Ampli- 
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OHMITE 
RESISTORS 


THE EXACT RESISTOR YOU NEED—WHEN 
YOU NEED IT—FOR EVERY INDUSTRIAL 
AND MILITARY REQUIREMENT 


OHMITE 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 


AUCUST 1960 


Fixed .. . adjustable... tapped . . . noninductive . . . precision 
metal film and encapsulated wire-wound . . . thin type... 
high-current—practically any resistor you need, you can find 
in the Ohmite line. 


W ORLD’S LARGEST STOCK FOR IMMEDIATE DELIVERY—Chances 
are Ohmite’s huge stock of several million resistors in 
more than 2000 sizes and types contains a unit that fits your 
requirements. Many types are also available through Elec- 
tronic Parts Distributors located across the Nation. 


Y OUR CUSTOMERS KNOW THE VALUE OF OHMITE QUALITY— 
When a purchaser sees Ohmite resistors in a piece of 
equipment, he knows that equipment is designed and built 
for dependability. 


HMITE ENGINEERING ASSISTANCE ASSURES THE RIGHT UNIT— 

Selecting the right resistor for the job is sometimes a 
tough problem. Why not call on Ohmite application engi- 
neers to help out. Take advantage of their specialized skills 
and background. 


Write on Company Letterhead for 
Catalog and Engineering Manual 58 


Quality Components 


RHEOSTATS RESISTORS TAP SWITCHES 
RELAYS + R.F. CHOKES + TANTALUM CAPACITORS 
VARIABLE TRANSFORMERS + GERMANIUM DIODES 
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3 Steps 


TO EXCELLENCE 


IN PW BOARDS 


FUNNEL FLANGE 
EYELETS 


Only the United funnel 
Flange Eyelet contributes that 
greater mechanical strength, 
improved reliability and uni 
form circuitry so necessary 
for achieving a superior PW 
or Etched Circuit Board. Wide 
range of sizes and lengths 
meet all board needs. 


These ‘3 Steps to Excellence”’ 


AUTOMATIC EYELETING 
MACHINES 


Only United offers such a 
complete line of Eyelet Set 
ting Machines. These are 
backed by more than 50 
years’ experience in the de- 
sign and manufacture of pre- 
cision production machinery 
for industry. The United 
Model G Eyeleting Machine 
feeds eyelets automatically, 
and is equipped to compen- 
sate for variations in board 
thicknesses for more depend- 
able production. 


COMPONENT INSERTING 
MACHINES 


Only from United can you get 
a complete line of high preci 
sion DYNASERT Component 
Inserting Machines that cut 
component inserting costs up 
to 80%! If you insert only a 
few hundred components a 
week DYNASERT machines 
should be considered. 
DYNASERT Component In- 
serting Machines automat 
cally feed, trim, bend leads, 
insert components and clinch 
with uniform results. Highly 
engineered single or multi- 
stage machines available. 


Funnel Flange Eyelets, Auto- 


matic Eyeleting Machine, and Component Inserting Machines. . . 
can provide that vital extra margin of dependability and value in 
your PW or Etched Boards. And the investment is surprisingly 
small. Call or write for complete details 


UNITED SHOE MACHINERY CORPORATION 
140 Federal Street, Boston, Mass. * Liberty 2-9100 
SEE US AT THE WESCON SHOW BOOTH NO. 223A 
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fiers require no matching input or out- 
put transformers to obtain desired 
characteristics. For high or low im- 
pedance input. Six stock units range 
in power output from 150 mw to 3.0 
watts. Ferrotran Electronics Co., Inc., 
693 Broadway, New York 12. 

Circle 769 on postcard at end of book 


SOLID-STATE POWER SUPPLY 


Catalog 119, one page, reviews features 
and specifications of a high-current, 
metered power supply with four-range 
output of 4 to 36 volts d-c at up to 
500 ma. Size is 4x5x6 in., approx. In- 
put is 115 volts a-c, 60 or 400 cps. 
Electronic Research Associates, Inc., 
67 Factory Place, Cedar Grove, N. J. 

Circle 770 on postcard at end of book 


SPECTRUM ANALYZER 


Data Sheet L-7/100, two pages, briefly 
describes Model 51 delay-line synthe- 
sized Fourier analyzer operating in 
real time. Frequency range is 5 to 1000 
eps with simultaneous analyses over 
entire range without use of contiguous 
filters. Federal Scientific Corp., 615 W. 
131 St., New York 27. 

Circle 771 on postcard af end of book 


OSCILLOSCOPES 


Data Sheet A-2002, four pages, gives a 
comparative presentation of Types 503 
and 504 d-c to 450-ke oscilloscopes. 
With specifications and block diagram 
of both general-purpose models. Tek- 
tronix, Inc., Box 500, Beaverton, Ore. 

Circle 772 on postcard at end of book 


EXPANDED-SCALE FREQUENCY 
METERS 


Bulletin F-06, one page, describes 
panel meters for accurate measurement 
of 400 and 60-cps power frequencies. 
Accuracy of frequency indication is 
0.1 per cent. Meters feature a combi- 
nation pointer and 4% in. mirrored 
scale. Scale expansion is as narrow as 
+5 per cent around center frequency. 
Airpax Electronics Inc., Seminole Div., 
Fort Lauderdale, Fla. 

Circle 773 on postcard at end of book 


DIAL ASSEMBLIES 
Models DA and DR angular-position- 


ing dials are described in two-page 
technical bulletin. Synchro and poten- 
tionmeter dials have 360-deg rotation, 
scale vernier for readings to nearest 
0.1 deg, and are panel-mounted. Model 
DA has vernier knob ratio of 10:1 with 
respect to synchro. Model DR ratio is 
1350:1. Theta Instrument Corp., 520 
Victor St., Saddle Brook, N. J. 

Circle 774 on postcard at end of book 


SERVO DESIGN 


Four-page brochure describes a sim 
plified procedure and calculations nex 
essary to obtain optimum performance 
from second- and third-order servo 
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Metallurgical Memo from General Electric 


G-E thermistor in the wall control eliminates 
fluctuations in room temperature 


A thermistor is a small, inexpensive and trouble- 
free resistor that is extremely sensitive to tempera- 
ture. Mounted in the wall control, this element 
signals any temperature variation from the dial 
setting, even as small as 1/10 degree. These sig- 
nals are transmitted by low voltage wiring through 
a tube-type or transistorized amplifier to a fuel 
control valve which automatically regulates the 
burner flame. Room heat loss is immediately re- 
placed, Thus the thermistor supplants bi-metals, 
false-starting mercury capsules, and other undesir- 
able moving parts. 

Other applications for thermistors in the indus- 
trial and home heating fields include time delays 
of fuel oil valve operation and heat pump cycling. 
Use G-E thermistors in your heat control design! 


If you have a temperature compensation or cur- 
rent inrush suppression problem, it may be solved 
by a thermistor, too. Send for literature and one 
of our sample kits, then write for assistance of a 
G-E engineer for your specific application—Mag- 
netic Materials Section, General Electric Com- 
pany, 7804 N. Neff Blvd., Edmore, Michigan. 


TRY-IT-YOURSELF 
APPRAISAL KITS! 


= 


oo Send for Kit B. Contains 2 each of 6 
Vi = eet} «high resistance thermistors for laboro- 
tory study and evaluation. Price $12.50. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOYe CEMENTED CARBIDES * MAN-MADE DIAMONDS « MAGNETIC MATERIALS * THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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Mr. Ramsey 


Why is the original 


capacitor 

design 
still the 
best? 


...because of this seal 


... this shoulder 

and curl design 

(Pat. No. 2,744,217) 

. which creates 

the only leakproof seal 


possible for a tantalum capacitor. 


Here's why it does: it forms a steady 
downward pressure all the way through 

the capacitor’s operating temperature range 

It leaves a “dead air” space to guard 

against capillary action. As you can see, it 

also integrates perfectly the top gasket and the 
case curl. These are just 3 of the reasons why 
the Fansteel original capacitor has been used in 


millions of applications ... with utmost reliability 


Fanstee!l Metallurgical Corporation 
North Chicago, Illinois, U.S.A. 


*Glen Ramscy Vice President of Fansteel, General Manager 
of the Rectifier-Capacitor Division developer of the porous 
tantalum anode in 1936 the achievement which made 
today’s miniature tantalum capacitors possible. 


SEE US AT WHERE RELIABILITY DICTATES STANDARDS 
WESCON BOOTHS / 


2106-2107 
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systems. From information contained, 
all parameters of optimum servo sys- 
tem are derived. Application and Sales 
Dept., M. Ten Bosch, Inc., 80 Wheeler 
Ave., Pleasantville, N. Y. 

Circle 775 on postcard at end of boon 


SERVO COMPONENTS 


Engineer’s Handbook, 36 pages, con- 
tains catalog sections on servomecha- 
nisms, electromechanical components, 
gear heads and speed reducers. Two 
useful sections summarize important 
servomechanism specification factors 
(ten pages) and contain three design 
sheets (five pages). Superior Manufac- 
turing and Instrument Corp., 154-01 
Barclay Ave., Flushing 55, N. Y. 
Circle 776 on postcard at end of boox 


DIGITAL BREADBOARD EQUIPMENT 


T-Series digital systems are presented 
in four-page bulletin. Solid-state bread- 
board equipment permits rapid formu 
lation of digital systems by use of 
plug-in modules and patch board. Engi- 
neered Electronics Co., 1441 E. Chest- 
nut, Santa Ana, Calif 

Circle 777 on postcard af end of book 


MICROWAVE DEVICES 


Catalog 60 provides 32 pages of infor 
mation on microwave-receiver front 
ends including data on waveguide and 
coaxial mixer-preamplifier assemblies. 
Other products described include solid 
state, miniature and sub-miniature i-f 
amplifiers, twt amplifiers, octave r-f 
amplifiers, beacons and afe units. Lel, 
Ine 380 Oak St., Copiague, L. L, N. Y. 

Circle 778 on postcard at end of book 


TEST INSTRUMENTS 


Catalog 60 describes and illustrates a 
variety of test equipment which meets 
ASTM, MIL and other specifications 
Sixteen pages include abrasion testers, 
flammability and ignition testers, im 
pact tester, compression set apparatus, 
torsion tester, environmental test cham 
ber, etc. Custom Scientific Instruments, 
Inc., 541 Devon St., Kearny, N. J 
Circle 779 on postcard at end of book 


ELECTROSTATIC GENERATORS 


Four-page data sheet HV-de-2 covers 
generators capable of substantial 
amounts of continuous output power at 
up to 600 kilovolts. Output is nearly 
pure d-c, Six pages include principles 
of operation, specifications and appli- 
cations of eighteen models offered. 
Sorensen & Co., Richards Ave., South 
Norwalk, Conn. 

Circle 780 on postcard at end of book 


HIGH-VACUUM SYSTEM 

Bulletin 2-17, 13 pages, offers prelim- 
inary information regarding a system 
which can produce a low ultimate 
pressure of 2 X 10° mm Hg. Used 
in electronics, optics, and research 
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and development for functional vapor 


deposition or general 
processes in chamber with 14in. dia- 


high-vacuum | 


meter. System reaches working pres- | 


sure of 5 & 10* mm Hg in 3 minutes 
with diffusion pump and 13-cfm rough- 
ing pump. Consolidated Vacuum Corp., 
1775 Mt. Read Blvd., Rochester 3, 
ee 


Circle 781 on postcard at end of book | 


MACHINE-TOOL KEY PUNCH 
Data Sheet K describes a key punch 
for machine tool control and similar 
applications. Codings are 5- to 8-level, 
figures 0-9 and five additional keys for 
control information. Tape width, gs to 
1 in. with EIA standard hole spacing. 
Precision Specialties, Inc., Delsea Dr., 
Hurffville, Box 118, Pitman, N.J. 
Circle 782 on postcard at end of book 


HAMMER-BLOW ACTUATOR 


Bulletin AB describes an electrically 
controlled, mechanically actuated, 
spring-loaded actuator. Energizing coil 
releases mechanical latch and plunger 
is released in 1.5-in. stroke with 70-lb 
force at be ‘ginning of stroke (40 |b at 
end). Electro-Seal Corp., 946 North 
Ave., Des Plaines, IIL. 

Circle 783 on postcard at end of book 


HYDRAULIC COMPONENTS 
Six-page Bulletin 146-F describes com- 
ponents designed for hydraulic systems 
up to 5000 psi. Pumping units, vane 
and axial piston fluid motors, flow- 
control valves, check valves, _pilot- 
operated pressure control valves, direc- 
tional control valves, remote-control 
valves and electro-hydraulic 
control valves are reviewed. 
Engineering Div., American Brake Shoe 
Co., 1160 Dublin Rd., Columbus, Ohio. 
Circle 784 on postcard at end of book 
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Denison 


HYDRAULIC AND AIR CYLINDERS 


Sixteen-page Bulletin SQ-3-60 covering | 


“Squair Head” air and hydraulic cyl- 
inders gives technical information on 
available bore sizes (11/2 through 8 in.), 
rod dimensions, allowable strokes and 
other data. Tomkins-Johnson Co., 2425 


W. Michigan Ave., Jackson, Mich. 


Circle 785 on postcard at end of book | 


MAGNETIC CLUTCHES 
Bulletin EM-2000 contains data on 


electromagnetic multiple-disk clutches | 
for machine-tool application. Clutches | 
are operated dry or under oil. Sixteen | 
pages include five on illustrations of | 


applications. Torque rating ranges from 
10 to 4000 ft-lb, wet or dry. Eclipse 
Machine Div., Bendix Corp., Elmira, 
N.Y. 

Circle 786 on postcard at end of book 


ELECTRIC CLUTCHES AND BRAKES 


Six-page brochure provides technical 
data and diagrammatic sketches of 
more than twenty types of fixed-field, 
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and what 
it means to the 
RELIABILITY 
ofa 


silicon rectifier 


Water, ae es, 

specially. water pu system 
i ee kue Feat catiber ties, 

is almost too pure for human 
Minerals and other “impurities” that the 
human body needs — and can most 

con get from water — have been 
removed. ical resistivity of this water— 
true measure of its purity—is a 

fantastic 18,000,000 


Here is water that is softened, de-ionized, 
de-mineralized . . . and still isn’t good enough 
for Fansteel rectifiers. So it is passed 
through sub-micron filters to remove all 
eee oon organic or. 
nic. (Never once, throughout its 
tion process, is the water 
focontact a) Finally, at the last second, the 
wa 


ee ene ete Ge wie oie 

cot ieee ee 
Fansteel silicon rectifier 

junctions in this 

contaminant-free 


shoe surance of complete Fanta 


Look at any other phase of our 
Mwimicuumie 
and care. 


We cant afford to take any short-cut 
—not when reliability is at stake. 
Fanetee! Metalurgicl Corporation | 


¢ 
oN 


SEE US AT 
WESCON BOOTHS 
2106-2107 / 


WHERE RELIABILITY DICTATES STANDARDS 
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METAL GRAPHITE CONTACTS 


AND RADIO INTERFERENCE 


NOISE LEVELS... 


Since shielding and filters to reduce radio 
noise caused by sliding contacts are often cum- 
bersome and always costly, it is essential that 
contact materials be used which, in themselves, 
create the least radio noise interference. 


Stackpole Laboratory tests backed by exten- 
sive field experience indicate that Stackpole 
silver graphite operating against silver rings 
give satisfactory results on most sliding con- 
tact applications calling for low radio noise 
levels. Good radio interference reduction re- 
sults are likewise obtained with Stackpole elec- 
trographite grade L31 contacts operating 
against electrographitic rings, as well as against 
silver and gold rings. 

In addition to reducing radio noise inter- 
ference, sliding contacts must also be able to 
operate at high altitudes under high pressure 
conditions in dry, inert atmospheres, with ex- 
cess moisture, and with oil vapor. All of these 
ambients have come within Stackpole experi- 
ence with the resulting development of mate- 
rials which work well under such conditions. 


Give us the contact radio noise reduction 
problem and the chances are excellent that 
Stackpole can recommend materials or testing 
procedures to solve it. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES »« CONTACTS 


RINGS « 
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FRICTION SEGMENTS «+ 
POROUS CARBON end dozens 


VOLTAGE REGULATOR DISCS 
CATHODIC PROTECTION ANODES « SEAL RINGS « CLUTCH 


of other 


CHEMICAL ANODES 


related products. 


custom-engineered 


CONTACTS/BRUSHES 





miniature, small and larger electric 
clutches and brakes. Sizes are listed, 
together with data concerning rated 
static torque and coil power. Brochure 
includes chart showing reaction times 
for various static and pickup torque 
relations. Simplatrol Products Corp., 
24 Salisbury St., Worcester, Mass. 
Circle 787 on postcard at end of book 


FRICTION CLUTCH 


Four-page bulletin introduces a friction 
clutch with completely adjustable 
torque setting. Overloads beyond torque 
setting cause clutch slippage. Torque 
range for smallest unit is 2 to 15 ft-lb 
and 250 to 525 ft-lb for largest clutch. 
Vickery Div., Norwalk Tool and Die, 
Inc., 52 Woodlawn Ave., Norwalk, 
Ohio. 

Circle 788 on postcard at end of book 


MOLDED V-BELT 


Molded, fully jacketed, notched V- 
belts, for light-duty drives, are de- 
scribed in four-page Bulletin M220 


Included are specifications for standard 
and belt and 
densed drive selection table. Manhattan 
Rubber Div., Raybestos-Manhattan, 
Inc., Passaic, N.J. 

Circle 789 on postcard al end of book 


non-standard sizes con- 


MINIATURE TERMINALS 
Eighteen-page catalog T110 of TFE- 
fluorocarbon insulated stand-offs, feed- 
throughs, jacks and plugs for hf, uhf 
and vhf provides access to 
engineering and technical data such as 
voltage and capacitance ratings. Tri- 
Point Plastics, Inc., 175 1. U. Willets 
Rd., Albertson, L.L., N.Y. 

Circle 790 on postcard at end of book 
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ELECTRONIC HARDWARE CATALOG 


Catalog of electronic terminals and 
hardware contains 32 pages and in- 
cludes more than 380 standard parts. 
Specifications and ordering informa- 
tion are contained for standard and 
molded terminals; control 
knobs; terminal boards; eyelets, stand- 
offs, shaft locks and miscellaneous 
hardware; handles and control knobs; 
and custom engineering facilities 
Lerco Electronics, Inc., 501 S. Varney 
St., Burbank, Calif. 

Circle 791 on postcard af end of book 


insulated 


SCREWS, BOLTS 


Six-page folder has dimensional data, 
photographs and drawings on hex and 
hex screws (14-20 to 154-7), carriage 
bolts (No. 10-24 to 34-10), and lag 
screws (14-in. diam and up). Stand- 
ard Screw Co., 2701 Washington Blvd., 
Bellwood, Ill. 

Circle 792 on postcard at end of book 


ADHESIVES BULLETIN 


Four-page bulletin provides product 
designers with information on adhe- 
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SQUARE D 


announces 


ORpaK 


—A SIMPLER, FASTER, STATIC CONTROL! 


norpak is a significant advance in the field of static switching. 
Like other static systems, NORPak performs the functions of 
machine tool relays, stepping relays, latching relays and timers 
—all without contacts or motion of any kind. 

Like other static systems, NORPAK is ideal for applications 
where speed is important—where reliability and long life 

are essential— where conditions make 

conventional magnetic devices impractical. 


But untike other static switching systems, 
worpak otters these important advantages 


EASIEST TO APPLY 
The transistor NOR unit is the basis of 

worpak., All logic functions— AND, OR, 
NOT, MEMORY —can be accomplished with 
combinations of this single NOR unit. 

worpak is not complicated — it's easy to 
apply to conventional circuits. Units are 
color-coded for quick identification. Simple 
DC circuit eliminates worry about phase 
relationships. 


Soa UNMATCHED SPEED 
s worpak provides switching at rates up 


EXTRA DEPENDABILITY 
NOR units have been time-tested in 
computer use for years. They are 
not subject to wear, will give top 
performance indefinitely, and pro- 
vide unfailing circuit fidelity. 


to 25,000 per second — faster than any other 
industrial static system. 


EXPERT APPLICATION 


SMALLEST COMMERCIAL 
HELP 


SIMPLE TO USE 
Optional monitor lights give visual 
evidence of proper performance. 


Field specialists, factory-trained 
in all aspects of NORPak can give 
you on-the-spot answers to any ap- 


PACKAGES 

worRpak is available in the form of individ- 
ual components, orin completely engineered 
systems. Components are offered in 6 and 


Simple dynamic sequence tester 
checks individual NOR units in 
operation 


plication questions. 20 paks, require only 1/4th the equivalent 


relay panel space, and weigh less than com- 
ponents of other static systems. 


worpak is available as individual 
components for application to specific 
control functions,oras completely engi- 
neered systems ranging from the smali- 
est to the largest panels 


Weite for the complete story on NORPAK 
— its theory, application and operation... 
Square D Company, 4041 North Richards St., 
Milwaukee 12, Wisconsin 


(D) ...design leadership 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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HERE’S. WHY VELOCITY DAMP.- 
ING IMPROVES SERVOSYSTEM 
RELIABILITY... The velocity-damp 
servomotor is a replacement for compli- 
cated rate-feedback loops —it achieves 
stability by simple and self-contained 
electromagnetic means. 

For example, the secxman® Size 8 
Velocity-Damp Servomotor offers up to 
25 dyne-cm.-sec./rad. additional damp- 
ing, and can replace damping genera- 
tors in 80% of present applications. In 
addition to elimination of phase shift 
and null voltage problems inherent in 
rate feedback systems, the velocity- 
damp unit is shorter, lighter, and con- 
sumes less power. 

In seckmawn Velocity-Damp Servo- 
motors, damping is a direct function of 
velocity. A low-inertia drag cup, inte- 
gral with the motor shaft rotates in a 
magnetic field generated by a pair of 
permanent magnets. Polarity of one 
magnet is variable with respect to the 
other, so that total force due to induced 
currents may be externally adjusted 
during operation. 

In addition to Size 8 Velocity-Damp 
Servomotors, seckmMan offers similar 
units in their Size 11, 15 and 18 lines. 

For a complete delineation of servo- 
motor damping theory ...including 
transfer functions to help you deter- 
mine damping needs...write for our 
Servo Brief entitled, “Electromagnetic 


Damping’ 





5 renee Bit: — A. 


Helipot Division of 25 2 
Beckman Instruments, Inc. % YEARS 
Fullerton, California 095.9 
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sives. Principal uses and characteristics 
of representative formulations in Bostik 
line are grouped in tabular form. In- 
cluded are adhesives for bonding 
metals, rubbers, plastics, fabrics, leath- 
er, glass and wood materials to them- 
selves and in combination. Bostik Ad- 
hesives, B. B. Chemical Co., 784 Memo- 
rial Dr., Cambridge, Mass. 

Circle 793 on postcard at end of book 


LEVELING SCREWS 


Dimensional information on leveling 
screws, as well as applications, is 
given in six-page Bulletin 602. Three 
styles covered are deluxe cushioned 
leveler, broad-base leveler, and econ- 
omy levels for office machines, appli- 
ances and other equipment. Ohio Nut 
and Bolt Co., 33 First Ave., Berea, 
Ohio. 

Circle 794 on postcard at end of book 


ELASTOMER BULLETIN 


Bulletin 1050, four pages, presents data 
on “Uscothane” elastomers which range 
from very soft to hard materials. Stand 
ard formulations offered in rod and 
slab form. Low-coefficient-of-friction 
compounds are also available as stand- 
ard. Special formulations can be sup- 
plied. Engineered Rubber Products, 
Mechanical Goods Div., U. S. Rubber 
io. 2 Market St., Passaic, N.J. 
Circle 795 on postcard at end of book 


DESIGN PROPERTIES OF PLASTICS 
Six-page pamphlet provides a visual 
comparison of design properties of nine 
major families of plastics with each 
other as well as with metals and other 
materials. Illustrated with 20 linear 
charts. Written discussion clarifies fac 
tors involved in applying these prop- 
erties to designing. Reprinted from 
Industrial Science and Engineering, 
February 1960. Cadillac Plastic & 
Chemical Co., 15111 Second Ave., De- 
troit 3, Mich. 

Circle 796 on postcard at end of book 


URETHANE FOAM 


Properties and applications of high- 
temperature-resistant urethane foams 
are detailed in data sheets CCP-13 and 
-14. Systems yield rigid foams dimen- 
sionally stable to 450 F, retain half 
their room-temperature compressive 
strength at 600 F. Foams are infusible 
and, at increasingly higher tempera- 
tures, gradually carbonize and pass 
directly from solid to gaseous state. 
Carwin Co., North Haven, Conn. 

Circle 797 on postcard at end of book 


INTRODUCTION TO EPOXY SYSTEMS 


Bulletin IFB-2, two pages, is titled 
“How to Select the Epoxy System for 
your Application.” There is a descrip- 
tion of the nature of epoxy resins, a 
review of applications and information 
on interpreting viscosity, coefficient of 
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After extensive research into new materials and methods, 
Elliott Company, a division of Carrier Corporation, has de- 
veloped the first really mechanically-adequate silicone in- 
sulation system—with “Porter’’ Silicone Tape. Vulcanized 
into a void-free homogeneous structure, “Porter” Silicone 
Tape provides outstanding mechanicaland sealing properties 
for applications requiring class H insulation. In addition to 
flexibility and moisture protection, the Elliott “Fabri-Lastic” 
system provides durability and toughness as well as excel- 
lent thermal stability at high temperatures. 

Thermoid Division offers the widest range of silicone tapes 
on the market today. And continuous research and develop- 





Silicone Tape 






for mechanical stability and extended motor life! 


ment is being conducted to make available silicone elastomer 
materials with characteristics to meet customers’ constantly 
changing needs. Thermoid Division engineers are available 
to work with you, as they worked with the Elliott Com- 
pany, to develop the right combination of 
silicone elastomer and compatible ma- 
terials for your requirements. 

For fresh stocks of “Porter” Silicone 
Tape or information on special design 
characteristics, write Thermoid Division, 
H. K. Porter Company, Inc., 200 Whitehead ask tor this tree 


brochure with ac- 
Road, Trenton 6, N. J. tual tape samples. 





THERMOID DIVISION y A] f H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrica! equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers specialty alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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Tansee special-purpose Kelvin ratio bridges shown above were built 
especially for Ultronix by ESI. 

They can calibrate precision wire-wound resistors in Ultronix matched 
sets and networks to an accuracy of | part per million. 


Ultronix operates these bridges in a separate temperature-controlled 
area for precision manufacture. There you will find the most accurate 
installation of measuring equipment outside the U.S. Bureau of 
Standards. 

This is one reason why Ultronix can offer networks and sets with ratios 
matched as closely as 0.001 per cent and absolute values within 0.01 
per cent. It’s virtually impossible to measure closer in production quan- 
tities. With this passion for precision, Ultronix combines imaginative 
engineering, advanced manufacturing techniques and strict quality 
control procedures. 


This is why Ultronix has become—in less than 3 years—the pre- 


ferred source for precision wire-wound components. In some cases, 
the sole source. 


At Ultronix, precision is our most important product. 
For catalog data, please address Dept. 32. 


ULTRONI<X 
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111 EAST 20th AVENUE 
SAN MATEO, CALIFORNIA 
PHONE FIRESIDE 5-7921 


linear thermal expansion and heat dis- 
tortion temperature data. Epoxy Prod- 
ucts Div. of Joseph Waldman & Sons, 
137 Coit St., Irvington, N.J. 

Circle 798 on postcard at end of book 


SOLVENT-RESISTANT POLYMER 
Resin D-430-B is described in six-page 
product-development bulletin. Resin 
with high softening point contains 
hydroxyl groups which produce strong 
bonds with metal surfaces. Suggested 
applications are in wire enamels, sur- 
face coatings, and as a polyol or inter- 
mediate. Dept. WM, Shawinigan Resins 
Corp., Springfield 2, Mass. 

Circle 799 on postcard at end of book 


POLYCARBONATE RESIN 


Use and properties of Lexan poly 
carbonate resin in the electrical and 
electronics industries is described in 
four-page illustrated folder CDC-375. 
Precision-molding thermoplastic char- 
acteristics also given on last page. 
Chemical Materials Dept., General 
Electric Co., One Plastics Ave., Pitts- 
field, Mass. 

Circle 800 on postcard af end of book 


LAMINATE PROPERTIES 


Engineering data chart of thermoset 
ting laminated materials shows princi- 
pal grades and properties of each, with 
illustrations of variety of component 
parts and sub-assemblies made by man- 
ufacturer. Chart lists mechanical prop- 
erties, electrical properties and physical 
and thermal properties for each lam- 
inate, followed by fillers, and char- 
acteristics and applications for each 
combination. Arthur Schutzman, Comco 
Plastics, Inc., 98-34 Jamaica Ave., 
Richmond Hill 18, N.Y. 

Circle 801 on postcard at end of book 


COMPRESSED-SHEET MICA PRODUCTS 


Catalog 26, 24 pages, covers technical 
information on Macallen mica hard 
plates; flexibles and flexible combina- 
tions; mica paper rolls, sheets and 
tapes; as well as fabricated parts made 
to specifications. Includes NEMA spe- 
cifications for manufactured § mica 
sheets and wrappers. Section of catalog 
deals with natural mica and limitations. 
It also contains data on grading and 
classifying, types, properties and proc- 
essing of natural mica. Insulation 
Manufacturers Corp., 565 W. Washing- 
ton Blvd., Chicago 6. 

Circle 802 on postcard at end of book 


ELECTRICAL ALLOYS 


“Handbook of the Alloyist,” an eight- 
page pamphlet, includes a discussion 
of the properties of each alloy suitable 
for use in the electrical and electronics 
industries. Applications are given. Al- 
loys considered are phosphor bronze, 
nickel, monel, inconel, nickel silvers, 
stainless steel and nickel-clad copper 
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Specialists in Power Supplies for 30 Years 


CHRISTIE 


Vie ds 


300 AMP. POWER SUPPLY 


Model MH32-300KP4 


Electrical Specifications: 
NOMINAL O-C OUTPUT: 

28 v. @ 300 amp. (continuous) 
VOLTAGE ADJUSTMENT RANGE: 
22 to 32 v. d-c 

VOLTAGE REGULATION: 

+0.5% — combination of rated 
load and a-c input variations 
(Sensing: local or remote) 
VOLTAGE RIPPLE 

1% rms. (— 20°C to +55°C) 
VOLTAGE RECOVERY (63%): 
0.1 sec.— full load application 
or removal 

D-C CURRENT OVERLOAD 
CAPACITY 

125% for 5 min. every 20 min. 
250% for 5 sec. every 20 sec. 
350% for 1 sec., 500% peak 
A-C INPUT: 

400-490 v., 3-ph., 57-63 cps. 
(other voltages available) 

A-C CURRENT AT 440 V.: 

<5 amp. 

AMBIENT TEMPERATURE RANGE: 
Operating 55°C to +55°C 
WITH ENGINEERED AND CONTROLLED Storage 62°C to +70°C 


ENVIRONMENT, SHOCK, 


VIBRATION: 
Built to MIL-E-4970 
RADIO INTERFERENCE: 


Built to MIL-1-26600 





@ Static-Tubeless Mechanical Specifications: 
@ All Silicon CABINET STYLE: STATIONARY 
: Also other styles below 
@ Built to MIL-E-4970 SIZE & WEIGHT: 
, . ‘ 19” W x 19” D x 31” H.— 355 Ibs. 
@ Overload and Short Circuit Protection : 
bc Standard Features: 
@ 500% Overload Capability VOLTMETER & AMMETER: 
3%” ruggedized (MIL-M-10304) 
‘ . Recessed behind removable panel 
Write for new D-C Power Supply Bulletin AC-60 OVERLOAD PROTECTION: 
Magnetic & thermal 
CHRISTIE ELECTRIC CORP. PARALLEL OPERATION: 
; includes load sharing provision 
3404 W. 67th Street, Los Angeles 43, California OTHER FEATURES: 


Input Contactor, Pilot Light, Fan, 
Fan Failure Protection. 





Over 200 Models in 
6 Cabinet Styles 





3-Wheel 
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GIVE YOUR PRODUCT 
KA 


A PLUG... 


WITH PULL! 


This unusual cord set — introduced and 
patented by Miller Electric—is specified 
as the finishing touch by America’s best 
Anown manufacturers. 

imaginatively designed to simplify and 
speed removal from any outlet, the trim, 
modern Finger-Pull Plug overcomes “wire 
yanking” habits that cause annoying ahd 
dangerous failures in ordinary plugs. 

Cord can be hanked through loop. 
Dealers like to demonstrate it. Cus- 
tomers like to use it. You'll like its 
unlimited color co-ordination possi- 
bilities and the way it can effectively 
display your trademark. Styles avaii- 
able for light and heavy duty and 
3-wire applications. 











(© Bee mes eo co 


120 Main Street + Pawtucket, R. |. 
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You get even more of a competitive 

advantage from cost-conscious Miller 
Electric's complete engineering service 
for problem applications, extremely effi- 
cient production and respect for your 
production schedules. 
_ Whether from the industry's broadest 
line of stock cord set components or 
Ccustom-engineered, Miller gives your 
product a “plug”. 


Write for Catalog M2 


Circle 204 on inquiry Card 


1 COMPLETE SOURCE FOR 





TEFLON’ 


TAPES - 0.001” to 0.1875” - RODS, CYLINDERS, SHEETS, 
SPAGHETTI, MACHINED PARTS... of virgin and reproc- 
essed Tefion, Colored Tefion or special Teflon mixtures 


QUALITY CONTROLLED from powder to finished part. 
COMPLETE FACILITIES for mixing, molding, and machining 


from one supplier. 


PROMPT DELIVERIES of samples, prototypes, pre-production 
and production runs in any quantity. 


ENGINEERING SERVICE by nationwide fluorocarbon spe- 


cialists 


help specify the exact materials for your needs. 


“duPont tm. 


CORP., Rovte 73 and Fellowship Road, Maple Shade, N. J. 
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wire, Riverside-Alloy Metal Div., H. K. 
Porter Co., Inc., Riverside, N.J 
Circle 803 on postcard at end of boox 


MAGNETIC LAMINATIONS 


Two-color, 36-page Catalog TB-106 
contains information, formulae and 
engineering data regarding individual 
EE, EI, F, DU and W shape trans- 
former laminations currently available. 
G-L Electronics, Camden 5, N.J. 

Circle 804 on postcard at end of book 


METALS-ENGINEERING INFORMATION 
Folder of eight pages describes infor- 
mation searching service of the Docu- 
mentation Service of the American So- 
ciety for Metals. Service provides di- 
gests of metallurgical articles and docu- 
ments regarding fields closely allied to 
(chemistry, mathematics, me- 
chanical and electrical engineering). 
American Society for Metals, Metals 
Park, Novelty, Ohio. 

Circle 805 on postcard at end of book 


metals 


MAGNET WIRE 

A 50-page Catalog, WC-8289, covering 
the manufacturer's complete line of 
magnet includes full product 
descriptions with dimensional data and 
application information. Special guide 
gives design engineer quick method of 


wires, 


making preliminary selection of wires 
according to insulation and other re- 
quirements. Catalog covers types such 
as Formex, Alkenex, polyurethane, cot- 
ton, nylon, TFE-fluorocarbon, glass 
fiber. Dacron glass, asbestos, self-bond- 
ing, solderable and combinations. No- 
mograms included for computing cross- 
sectional areas, resistance, and weight 
of rectangular conductors, together 
with information on varnish properties, 
types and application, and radiation 
effects, Chemical Metallurgical 
Div. General Electric Co., Bridgeport 
2, Conn. 
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CHROMATE METAL FINISHES 
Technical Data Sheets 99 and 100 de- 
scribe, respectively, leach-type bright 
chromate finish for zinc and cadmium, 
and dry chromate base salt used in 
water solution to produce a corrosion- 
resistant coating on magnesium. The 
first is a water-soluble powdered ma- 
terial which produces a clear bright 
or iridescent bronze finish. The second 
is tan to bronze in color. MacDermid 
Ine., Waterbury, Conn. 

Circle 807 on postcard at end of book 


SILVERED-MICA BUTTON 
CAPACITORS 

Bulletin TSC-100A, two pages, reviews 
features and characteristics of silvered- 
mica capacitors for continuous opera- 
tion in the temperature range of —55 
to -+-230 C. Rated at 200 working 


volts d-c in capacitance ratings from 
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Ideas like this are important to you whether you make refriger- The idea that is saving money for Philco is the Shakeproof® 
ators or not. This one is typical of Shakeproof ingenuity in Trim Mounting Thread-Cutting Sems designed so that decora- 
research and development that daily creates new ideas for tive molding strips can be snapped into place over the fastener. 
industry .. . ideas to improve product performance, to speed This eliminates a previous three-part fastening operation and 
assembly operations, to lower total costs. It represents the the related disadvantages of locating and holding the bolt while 
kind of creative engineering characteristic of Shakeproof de- the nut is applied from the opposite side. Shakeproof's Trim 
signers and engineers who are available to visit your plant, Mounting Sems cuts its own thread and eliminates the need 
to study your assembly methods and problems and to design for a sealant, too, as the nylon washer is drawn down tightly 
ingenious new fastenings for your specific application. to serve as an effective sealer. 
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SHAKEPROOF 


‘FASTENING HEADQUARTERS''® 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charlies Road, Elgin, Illinois 
in Canada: Shakeproof/Fastex 
Division of Canada Iilinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 





it gives examples of Shakeproof 
fastening ideas, how they are being 
used by leading manufacturers in 
every industry, and how Shakeproof 
fastening ideas can work for you 


LOOK TO SHAKEPROOF - eas LEAGER tn. FAST ERIS 
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TURN THE 
KNOB, 
CUSTOM-MAKE 
A RELAY 


This time-delay relay you make to your own timing specifications. It’s 
electrically adjustable. You can tune it directly or remotely to any delay 
you want between half a second and half a minute. At any time-delay 
setting, you can expect repeatability within + 5%. Reset is instan- 
taneous. 0 The relay operates on 12 volts DC. With a voltage divider 
kit, which we supply, you can fix it to work on 24, 28, or 48 volts DC. 
Switching is S.P.D.T. © The cost of this transistor-controlled relay will 
surprise you. It’s definitely in the commercial class, if you buy in pro- 
duction quantities. O Bulletin 5300-B will give you full technical 


details. Yours for the asking, of course. 


HEINEMANN ELECTRIC COMPANY 
99 PLUM STREET <> TRENTON 2, N. J. 
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| 50 to 4775 pf. Sangamo Electric Co., 


Springfield, Ill. 
Circle 808 on postcard at end of book 


MYLAR CAPACITORS 


One-page Engineering Data Sheet DE, 
covering metallized Mylar capacitors, 
presents specifications of epoxy-cased 
capacitors, including temperature char- 
acteristics curves, capacitance, physi- 
cal dimensions and part numbers for 
200-, 400- and 600-volt d-c models. Elec- 
tron Products Information Service Div. 
of Marshall Industries, 430 No. Hal- 
stead St., Pasadena, Calif. 

Circle 809 on postcard at end of book 


SOLID-STATE TIME RELAYS 


Technical Publication 80 describes ad- 
justable time delays, contains dimen- 
sional drawings, typical curves and 
complete specifications for general- 
purpose units covering time delays 
from 0.1 to 300 sec. G-V Controls Ine.., 
101 Okner Parkway, Livingston, N. J. 

Circle 810 on postcard at end of book 


SOLID-STATE TIMING MODULES 
Engineering Bulletin 5906 is a 16-page 
illustrated catalog containing technical 
data on miniature controlled timing 
modules for timing control and logic 
applications. Basic module provides 
precise time delay between application 
of input voltage and turn-on. Both fixed 
and adjustable types available with 
time delays from 0.00005 to 300 sec. 
Tempo Instrument Inc., Box 338, 
Hicksville, N. Y. 

Circle 811 on postcard at end of book 


RADIO-INTERFERENCE FILTERS 
Four-page Catalog EEM-2700 includes 
diagrams illustrating standard mount- 
ing styles and dimensions as well as 
six wrap-around mounting brackets. 
Basic terminals are also illustrated. 
Complete instructions on selection are 
given. One page gives insertion loss, 
voltage drop as well as current and 
voltage ratings. All-Tronics, 45 Bond 
St., Westbury, L.I., N. Y. 

Circle 812 on postcard at end of book 


INFRARED DETECTOR 


Four-page brochure illustrates and de- 
scribes characteristics of various Ek- 
tron photoconductive detectors which 
find application as infrared sensors in 
weapons systems and in instrumenta- 
tion for process control, analysis and 
safety. Brochure contains graphs 
which chart specific responsivity and 
detectivity, describes basic effects in 
detector utilization and lists types 
available. Special Products Sales, East- 
man Kodak Co., Rochester 4, N. Y. 
Circle 813 on postcard at end of book 


PHOTOVOLTAIC CELLS 
Bulletin GEZ-3005, 8 pages, offers a 


description of sensors for applications 
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New Mystik Brand 
Super Flextron Tape No. 6497 


Has Bi-Directional Strength 


An unique packaging tape. Super strength 

bi-directional filaments are an integral part of 

the product—providing equal strength in 

both directions. The tape is water and mois- 

ture proof. Excellent quick stick properties 
and it stays stuck. 

TYPICAL APPLICATIONS: Strapping 
and holding heavy machinery parts —sealing 
heavy-content packages for shipment — hold- 
ing loose parts in place for assembly of refrig- 
erators and stoves—heavy banding on corru- 
gated, fiberboard and wooden cartons— 
strapping tubes, rods and lumber— banding 
groups of cartons on pallets. Frequently re- 
places steel strapping. 

(Conforms to Government Specifications 

PPP-T-97-Type 11) 

Write for full information on Mystik Super 
Fleztron No. 6497 and other Mystik brand 
packaging tapes. 


Mystik Adhesive Products, Inc. 
2635 N. Kildare Ave., 
Chicago 39, illinois 


MYSTIK§ & 
TAPES 


Seir.~. Tin 







PROTECTIVE COVERING MATERIALS— TAPES THAT TALK 


Now YOU CA 
AW ELD 


/'\\\~ 

Stranded electrical wires 
are now being successfully 
welded to terminals and con- 
nectors by the new ETCO 
Crimpweld method. Wire 
strands are covered with a 
sheathing of the base metal 
to prevent exposure to corro- 
sion, flexing and crystalliza- 
tion — yet, weld is clearly 
visible. No destruction of wire 
insulation — no indention or 
abrading of wire. 

Copper strands and cop- 
per terminals are bonded as 
one. No addition metals CRIMPWELD machine erimps 
used. Send for literature. end welds Instontencously 
See why suppliers to the | 

| 
| 


ELECTRIC 
WIRES TO 
TERMINALS 


Producd in strip form ond 
supplied on disposable reels 





automotive and appliance fields are changing to the ultra- 
new ETCO welding method. 

Also, a full line of standard terminals, blades and con- 
nectors. Catalog available when requested on company 
letterhead. 


ELECTRIC TERMINAL CORP. 
Warwick Industrial Park, Providence 5, R. |. 
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TUNIINAY 
SUBMINIATURE 
SWITCHES 


| now in 


Cord 





TERMINAL 
STYLES 







all 
integral 
with 
switch 
contacts 


“> Fiat, tinned lug 


with .058-inch hole. 
Just hook in end 
of wire, then solder. 


Single-turret lug; 
made flat so wire won't slide around 


“s 
in assembly 


for soldering. 
Double-turret flat lug — 
Key” allows use of terminal 
as junction point. 
Printed-circuit terminal; 
has hole for connecting 
component leads 
beneath wiring board. 
Quick-Connect 
RR male terminal 
S for snap-on wiring. 
Write for catalog that gives details 
of UNIMAX subminiature switches. 
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where light is used to perform a con- 
trol function. Offers graphic data on 
spectral sensitivity, exposure effect, 
temperature characteristics, current 
output, internal resistance and other 
important factors. Dimensions of cells 
and typical circuits are included. Gen- 


“SCOTCHCAST 


FOAM-IN -PLACE 2 . ee f eral Electric Co., Schenectady 5, N. Y. 
RESINS PROTECT | 
WITH LESS 
WEIGHT 
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STRAIN GAGES, LOAD CELLS, 


POSITION TRANSDUCERS 
Six-page folder describes open-grid 
and paper-base strain gages, force 
washers and load cells; strain multi 
pliers; and a position transducer with 
travel from 2 to 150 inches, depending 
upon model. Electronics and Avionics 
Div., Lockheed Aircraft Corp., 6201 E. 
Randolph St., Los Angeles 22 


Circle 815 on postcard at end of book 


LINEAR DISPLACEMENT 
TRANSDUCERS 


Catalog 100B_ reviews features of 
Series 103A differential transformer 
tran sduc ers. Units offer resolution to 


| 0.5 microin. and linear ranges to 
+0.100 in. Output is 3.0 millivolts/ 
0.001 in./volt. Linearity is 0.25 per 
cent. Daytronic Corp., 225 S. Jefferson 

| St., Dayton 2, Ohio. 

Circle 816 on postcard at end of book 


INSULATED THERMOSTATS 


Two-page circular on miniature insu- 





SCOTCHCAST No. 603 Resin Powder, shown left, yields foom structure 5 times the original vol- lated thermostats describes devices 
ume, with no additional weight with contacts that open or close with 
Remarkable “SCOTCHCAST” BRAND _ der exacting standards, “SCOTCHCAST” temperature change. Can be externally 
Resins, some that foam up to 10 BRAND Foam Resins can meet many of adjusted to obtain desired temperature 
times their original volume, provide your insulating requirements. Room cur- setting for switch action. Setting not 
needed moisture, vibration, and electri- ing or heat curing . . . rigid or flexible | affected by ambients from —54 to 
cal protection—yet, can save up to90% ... one-part powders or two-part liquids -+- 160 C. Four models offered. Chatham 
of the weight of solid insulating mate- - alli are supplied as complete systems Controls Corp., 155 River Rd., Chat- 
rial. Available in complete ready-to-use ready for use ham, N. J. 

epoxy and silicone systems, “SCOTCH- For potting or packaging use—shock- Circle 817 on postcard at end of book 
CAST” foam-in-place resins offer the proofing material — or thermal or elec- 

advantages of easy handling, simplicity trical protection, discover how these RELAYS, SOLENOIDS, SWITCHES 


in fabrication, and complete reliability, foam-in-place “SCOTCHCAST” BRAND 


, Catalog of 27 pages describes tele- 
all at low cost. Provide maximum resist- Resins can improve your present insu- 


phone relays with a variety of coils, 














ance to mechanical stresses. lating methods. Ask your 3M Represent- ; 
. contacts and operate times. Small sole 
Manufactured under strict quality ative for more information or send in “an oh ealend k ‘eck i 
controls and tested for performance un- the coupon below IGS BUG rclepuone Cy Swhcnes are 
- also introduced. Hanell, Inc., 4114 W. 
 Gutcamanaremindeneess CLIP AND MAIL TODAY —— -——— — — ————— a] 63 St., Chicago 29. 
| 3M Company, Dept. EAB-80, 900 Bush Ave., St. Paul 6, Minn | Circle 818 on postcard at end of book 
° : . i “ ” ‘ | 
| mapeneeeneee Send me free information on these foam-in-piace “SCOTCHCAST” Resins. SENSITIVE MULTIPLE-ARM RELAY 
| _} “SCOTCHCAST” No. 601 — a two-part liquid epoxy resin. F a : 
l me ” é aad our-page Bulletin 50-60 reviews fea 
[] “SCOTCHCAST” No. 602 — a two-part, self-extinguishing epoxy resin. { siite seek deabasieiieien al. ae ond 
B &é é "Tris s ) a- anc 
[] “SCOTCHCAST” No. 603 — a one-part powder epoxy resin. ko etesenhqumnese etleve tes al ‘le 
[] “SCOTCHCAST” No. 604 — a one-part self-extinguishing powder epoxy resin | odaaaitl aaa \ ce ata a 
= . ear ' s I. é s contac é 
[] “SCOTCHCAST” XR-5017 — a two-part room temperature curing silicone resin. _—| &- 
| rangements possible are described 
| a — Bifurcated, palladium-contact arm 
| : TT — age | rated 3 amp at 24 volts d-c or 115 
| Company a a wana | volts a-c. Silver contacts rated 5 amp. 
| F. A. Scherma Mfg. Co., Inc., 424 
Address. a cee Broome St., New York 13. 
| city Stote a. > Tae Circle 819 on postcard at end of book 
Lon liiadelllliitinthnetiacmnmnnedianadiedan sseaeaien chaateeahapadadanelipedtinenidaentaininamensensttte J 


SCOTCHCAST”” 18 A PEGISTERED TRADEMARE OF 3% CO., ST. PAUL 6, MINN MONITORING SWITCHES 


Three technical data sheets describe 


MMiiamesora [finns ano \ffanuractunine company 
and illustrate two absolute air pres- 


.. WHERE RESEARCH 1S THE KEY TO TOMORROW 





sure switches and one gas-density 
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HERE'S A 
CONTROL 
COMPONENT 
LINE YOU CAN 
STAKE YOUR 
REPUTATION ON 


Auxiliaries: standard, low power 


AC Solenoid Contactors * NEMA sizes: 00 to § 


Dependable thermal 0.L. relays 


It’s completely versatile and designed for both standard and specialized controls 


From the little Size 00’s to the powerful 
Size 5 contactors you'll find maximum 
reliability built right in... whether your 
application is in motor control, resistive 
heating or lamp switching. 

Meticulous attention to design features 
guarantees you top-notch performance 

. especially where hi-reliability is a 
“must.” All AC and DC contactors for 
example, come equipped with simple, 
fast-acting, trouble-free solenoids. There 
are no complicated linkages or poten- 
tially troublesome pins or bearings... 
no adjustments needed either. 

The main and auxiliary contacts are 
of the double break type designed for 


maximum reliability even where high in- 
rush currents are met. Contacts are ac- 
cessible for inspection, too! 

Other key contactor design features 
include: identical mounting centers for 
AC and DC; all units designed for front- 
of-board wiring and mounting; magnetic 
blowouts furnished above 25 amp. size 
on DC; fully accessible terminals make 
installation easy. 

On your next control job, standard or 
special, specify W/L Control Compo- 
nents. Send for detailed Control Catalog: 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N. Y. (In Canada: Ward 
Leonard of Canada, Ltd.,Toronto.) os 


AC and DC power relays, too 


WARD 
LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... Electrically 


BR eele- TE nyintored Contiols Since 892 


A1O! 


, 
RESISTORS | RuEOSTATS! 


See us in Booth 813 at the WESCON Show 
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switch. Used primarily as control or 
warning devices, switches monitor 
pressures or densities of gas or vapors 
either in sealed containers or in open 
systems. Typical applications, dimen- 
sion drawings, specifications and char- 
acteristics included for each switch. 
Newark Controls Co., 15 Ward St., 
Bloomfield, N. J. 

Circle 820 on postcard at end of book 


ROTARY-HANDLE CIRCUIT 
BREAKER 


Bulletin 1425, an 8-page two-color 
publication, reviews features of circuit 
breakers for switchboards, control cen- 
ters and panelboards. Line consists of 
breakers from 15 through 800 amp, 


SERIES 500 including EF, F, J, and M-frame. Fed- 


| eral Pacific Electric Co., General Of- 
+ | fices, 50 Paris St., Newark 1, N. J. 
MINIATURE Circle 821 on postcard at end of book 
MAGNETIC sieiill _ | COMBINATION MOTOR STARTERS 


Catalog Sheet 60-ECS offers data on 
Cl RCI tT explosion-proof, dust-tight and weath- 
er-resistant motor starters, circuit 
breakers and combinations of both. 


BREAK E RS Enclosures are cast aluminum, thread- 


ed at top and bottom. Pyle-National 
: Co., 1334 No. Kostner Ave., Chicago 
@ RATINGS FROM 50 MA TO 10 AMPS 51. 


@ DC, 60 CPSand 400 CPS TYPES 
@ MINIATURE CASE; SIZE ONLY 


134” x 1%” x 3”. 
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A-C MOTOR CATALOG 


Comprehensive motor catalog of 56 
pages deals with multi-shielded motors 
TRIP LEVEL INDEPENDENT and includes specifications and dimen- 
OF TEMPERATURE sional data on motors ranging from %%4 


to 200 hp. Special section on motor 
selection and application. Sterling 
Electric Motors, Inc., 5401 Telegraph 

Rd., Los Angeles 22. 
Circle 823 on postcard at end of book 

lls Manufacturer's 
@ INSTANTANEOUS R 
DELAY TYPES Publications 


@ HERMETICALLY SEALED 
For these selected public ations on ma- 
@ SERIES - SHUNT - RELAY TYPES terials, components, technical data and 


engineering services, write direct to the 


@ TWO AND THREE GANG manufacturers on company letterhead, 
ASSEMBLIES AVAILABLE mentioning EcecrricaL MANUFACTURING 


as your source, 


Positive Protection 


Slightly larger than a conventional panel switch, COBALT INFORMATION 

the breaker serves as switch, fuse and relay. Sixth issue of Cobalt reports on in- 
vestigations at the Battelle Memorial 
Institute Laboratory in Geneva, Swit- 
zerland, on the systems and phases 
which show  ferromagnetic-antiferro- 


jr, 
IRPAx magnetic exchange interaction. Another 
article provides analyses on avail- 
A ELECTRONICS able cobalt powders, properties of 


SOs high-purity cobalt powder and informa- 

3 tion on its fabrication, a summary of 

powder metallurgy of cobalt alloys and 

CAMBRIDGE DIVISION @ CAMBRIDGE, MD recent developments in the field. Copies 


(Continued on page 199) 


Bulletin B-97 on request 
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This is a cutaway of an Epoxy encapsulated statofwound with Epoxy magnet wire. All-Epoxy—an ideal combination for severe applications. 


EPOXY MAGNET WIRE...IDEAL FOR 
ENCAPSULATED SYSTEMS UP TO 130°C 


you al/ these important advantages 

when used in encapsulated systems 

The wire must have outstanding compatibility a require- 
ment for good bond strength at clevated temperatures high 
dielectric strength under adverse moisture conditions 

The ideal magnet wire must also have excellent thermal and 
high-impact shock resistance. And-—it must be able to resist 
corrosive and abrasive atmospheres 

Anaconda Epoxy meets all these requirements and more 
For this 130°C (AIEE Class B) magnet wire is compatible with 
virtually every encapsulating compound tested to date. I qually 
important, Anaconda Epoxy contains no polyester modifiers 

therefore offering greater resistance to hydrolysis 


In addition, Anaconda Epoxy costs no more than most 


ASK THE MAN 


FROM ANA 


ANATHERM NYFORM 


Class A magnet wires—which means you can often thermally 
upgrade your components to Class B without additional cost. 
It's readily available, too—in a full range of round, square and 
rectangular sizes 

Epoxy can also be furnished in combination with Vitrotex 
(glass-served) for added thermal overioad protection. 

So you can see how it offers you many interesting possi- 
bilities for cutting costs and simplifying production through 
standardization 

Our technical staff and Research and Development Lab- 
oratory facilities are available to give you assistance in your 
encapsulating and other magnet wire problems. See the Man 
from Anaconda. Or write: Anaconda Wire & Cable € ompany, 
25 Broadway, New York 4, N. Y. 


DA 0, EPOXY MAGNET WIRE 


ANALAC 10 





North Electric 
opens a whole 


DATELINE 1960 
new chapter 


new north solid state 


in control switching technique 
switching for chosen for 412L air 
communications _ weapons control system 


In awarding the contract for the 
design and manufacture of fixed 
and mobile electronic communi- 
cations and switching centers for 
the U.S. Air Force, General Electric, 
prime contractor for the “412-L” 
project, selected North Electric 
Company, recognizing that a major 
technological breakthrough in elec- 
tronic switching has been achieved 
by North with the development of 
a unique “Resonant Transfer” tech- 
nique for generating or detecting 
pulses in Time Division Multiplex 
Solid State Switching! 

The adoption of this North con- 
cept opens a whole new era in 
communications, a whole new 
chapter in the history of electronic 
switching! 

It is highly significant that with 
this development the switching 
art has reached the state of sophis- 
tication demanded by new wea- 
pons capabilities. It is equally 
significant that this development 
should come from the Company 
whose history, over better than 
three-quarters of a century, has 
been one of continuous progress 
and development in this field! 

As future progress is made—as 
man reaches further and further 
into the unknown reaches of the 
universe—leadership in the highly 
demanding field of communi- 
cations and control will continue 
to come from 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY OU 


ryt 


658 S. Market S#. * Galion, Ohio 
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may be obtained by addressing requests 
on company letterhead to Cobalt IJn- 
formation Center, c/o Battelle Memo- 
orial Institute, 505 King Ave., Colum- 
bus 1, Ohio 


TUBE FITTINGS 


Catalog of original equipment tube fit- 
tings, 118 pages, features JIC and SAE 
O-ring seals, JIC 37-deg 2- or 3-piece 
flare tube fittings, SAE 37-deg 2- or 
3-piece straight-thread flare fittings, 
pipe fittings, valve fittings, tubing and 
accessories, Catalog is available on let- 
terhead request to Lenz Co., 3301 
Klepinger Rd., Dayton 1, Ohio. 


MECHANICAL POWER TRANSMISSION 


General engineering catalog of 468 
pages describes V-belt drives, flexible 
couplings, fluid drives and couplings, 
conveyor pulleys and drives, speed re 
ducers, clutches, sprockets and chajn. 
Sections of catalog are devoted to prod 
uct categories, with engineering draw- 
ings, dimensions, weights, technical 
data, selection and application informa- 
tion. Separate section on general me- 
chanical power transmission engineer 
ing data. Available upon letterhead re 
quest to Dodge Manufacturing Corp 
Mishawaka, Ind. 


ZENER DIODES 


One hundred-page handbook of Zener 
diodes and Zener reference elements is 
prefaced by an introduction to semi 
conductor theory and reverse break 
down, and followed with a detailed and 
illustrated examination of design con 
siderations, thermal and operating 
characteristics, and _ discussions of 
Zener diode applications. The book is 
available for $2.00 from International 
Rectifier Corp., 1521 E. Grand Ave., 
Fl Segundo, ‘ alif. 


SOLID TANTALUM CAPACITORS 


Four-page Catalog 215/82.1 details 
technical and engineering information 
on “Aerotan” solid tantalum capacitors 
Catalog provides information with en 
gineering curves, reference tables and 
includes table of standard stock values. 
Copies may be had by writing to 
Aerovox Corp., New Bedford, Mass. 


TRANSISTOR APPLICATION GUIDE 


Sixteen-page guide, in booklet form, in- 
dicates suitable transistor types for 
each major application. Transistors are 
classified in terms of one or two im- 
portant parameters. Information is 
primarily presented in graphs and 
curves. Applications covered are com- 
munications circuits (tuned amplifiers 
and related circuits), untuned ampli- 
fiers, and switching circuits. Address 
letterhead requests to Philco Corp., 
Lansdale Div., Lansdale, Pa. 
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motors 
with gear 
reductions 


Designed for low-speed, high-torque applications, Gi Gear 


for low-speed Motors are widely used in TV Remote Control Units, Vend- 


ing Machines, Timing Devices, etc. Molded nylon gears in 
hi t a dirt-sealed housing insure extremely quiet running plus 
| ” orque rugged dependability. Rotor disengages, if required, when 
gear train is de-energized. For reliability, plus extra silent 
a lications service, specify Gl Gear Motors. Precision-made, with 
pp mass-production economy. 
GENERAL SPECIFICATIONS 


MODEL 308 
TTatermittent’ | Continuous _ 










MODEL 206 


‘intermittent | Continuous 







spceeD ss (Gs | SRM 
TORQUE 3 _150 in./oz. | 100i 
AMPS, No Load t 2 5 


WATTS, Neload =| 26 
“REVERSIBLE | ~~—~No 
CONDENSER =| —sNone 
Above doto based on 24 volts — Intermittent Duty 3 minutes on and 5 off. 

Both models con also be supplied for 115 volts — 60 cycles. 












Write For Catalog and Quantity Price Quotations 


Te aa aR a ae 


pepT. GL e ELYRIA, OHIO 










Circle 216 on Inquiry Card 


New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . 


in electrically operated end products .. . 


tions and available application data. 


MINIATURE INDUSTRIAL 
PUSHBUTTONS 


Minimum mounting distance of a new 
line of miniature industrial oil-tight 
pushbutton units is 144 in. (as com- 
pared with 2%4 in. for heavy duty 
units), permitting at least 40 per cent 
reduction in panel space requirements 
for industrial machinery control. 
Mounting holes, 7% in. diam. Synthetic 
rubber seals and washers give oil-tight 


construction to meet applicable JIC, 
NMTBA and NEMA standards. Pres- 
sure-type terminations are provided for 
push-on connectors. Functional forms 
available include pushbuttons (with or 
without guard); mushroom-head but- 
tons; 2- and 3-position selector 
switches; illuminated pushbuttons and 
mushroom-head buttons; 6-volt trans- 
former-type indicating lights; and 
push-to-test indicating lights. [llumi- 
nated forms available in six colors. 
Encapsulated transformer for lights 
has insulated secondary winding for 
added protection (resistor supplied 
for d-c). Line includes six different 
colored retaining rings to permit easy 
changes in color coding. Variety of en- 
graved or blank nameplates is avail- 
able in two sizes. Double-break fine 
silver contacts rated up to 30 amp at 
115 volts a-c; 1.1 amp inductive at 125 
volts d-c. General Electric Co., Sche- 
nectady 5, N. Y. 
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ADJUSTABLE-PULSE SWITCH 


Pulse-producing snap-action switch is 
designed for industrial applications 


200 


where momentary opening and/or 
closing of a circuit is necessary. Switch 
IPD1 be used for controlling 
pneumatic valves without permanent- 


duty solenoids. Pulse operation occurs 


may 


as plunger is depressed. Characteris- 
tics include: 0.150-in. max pretravel; 
0.600-in. min total plunger travel, 4-lb 
operating force and 8-lb full overtravel 
force. Pulse length adjustable from 
0.030 to 0.450 in. SPDT switch rated 
10 amp at 125, 250 or 480 volts a-c; 4% 
amp at 125 volts d-c; 44 amp at 250 
volts d-c. Micro Switch Div. of Minne- 
apolis-Honeywell Regulator Co., Free- 
port, Ill. 
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PROXIMITY SWITCH 


Inexpensive, snap-action switch has 
repeatability within 0.001 in. Differen- 
tial between ON and OFF position is 


approx. 0.008 in. Contacts rated 6 amp 


MAGNETIC 


<SPRING In COMPEESSION 


MAGNETIC | 
roece 


SSPRING #ELEASEC 


at 110 volts resistive load and 3 amp at 
220 volts. Switch may be actuated by 
objects travelling either axially or tan- 
gentially. Switch may be keyed to se- 
lected contour or oriented magnet as 
actuating device, to permit switching 


. screened for design-in use 
complete with all released specifica- 


across 


larger gap. Cylindrical prox 
imity switch has 4¢ in. OD and is 214 


in. long. Tann Controls Co., 3750 E. 
Outer Drive, Detroit 34, Mich. 
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MINIATURE TOGGLE SWITCH 


SPDT available with 
either ON or momentary action. Minia- 
ture switches have rated minimum life 
of 25,000 operations at 5 amp, 29 volts 
d-c or 115 volts a-c. Contacts withstand 
short-circuit 


switches are 


currents at 60 times 


oe 


rated current without fusing, welding or 
other damage. Contact pressures, 100 
grams Switch casings are 
anodized aluminum and handles are 
stainless steel. Toggle switches with- 
stand vibration of 20 g up to 2000 cps 
and shocks of 50 g. Allied Control Co., 
2 East End Ave., New York 21. 
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SLIDE SWITCH 

Switch with 4PDT circuit is desig- 
nated SW-742. Switch designed with 
all terminals in common plane. All 


or more, 
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APPLETON 


PATENT PENDING 


NEW LOCKING EDGE 
ON BODY 


Special design of connector body 
locking edge bites into box wall 
and forms a constant, uniform 
seal... no welding . . . no lock- 
nut... always a positive ground! 


MORE WIRING ROOM 


No projecting threads inside box. 
No weld. Wedge adapter hugs 
box wall almost flush when 
tightened. Forms “cold-weld” 
seal. No wrench needed inside 
box. 


NEW WEDGE ADAPTER 


Male shank of unique APPLETON 
wedge adapter ‘finger tightens” 
into connector body. Flared sur- 
face of adapter wedges box wall 
against locking edge of body. 
Forms full 360° contact on both 
sides of box wall, 


New Insulated Throat 


Acetate, insulating insert re- 
cessed into wedge adapter ab- 
solutely protects against wire 
damage . . . without reduction in 
throat diameter. Perfect for ex- 
treme vibration conditions. Noth- 
ing to come loose, deteriorate, 
crack, or break! 





The fastest, most economical and trouble-free method yet devised 
for making liquid-tight, flexible conduit connections is yours 
with the new APPLETON “STN” Sealtite Connectors. The 
exclusive wedge adapter used with all APPLETON liquid-tight 
fittings provides a lasting “cold-weld” seal. The “STN” 
provides a positive ground while the adapter pulls up almost 
flush inside the box to eliminate ragged edges and leave 
maximum wiring room. The acetate insulated throat protects 
wires without reduction of throat diameter! Only one wrench 
needed to install! Constant pressure of metal-to-metal seal 
resists vibration indefinitely! Full information and 
specifications available on request. 


Patented Brass Ferrule Assures a Positive Ground ... 
Crimping Excludes Liquids & Fumes from Connection 


HERE'S HOW IT WORKS 





Brass ferrule screws into spiralled inner wall of liquid-tight tubing forming 


continuous positive metal-to-metal ground. ression nut and corinector 
body crimps ferrule into outer rene wall to form permanent seal 
against liquids, fumes, and other foreign matter. Threaded shank of wedge 
ecepeer, when held in knockout hole, “‘finger tightens’’- into connector 

y. Locking edge on connector body bites into box wall when tightened 
(4% turn of wrench) and pulls adapter almost flush with inner box wall. 
A perfect installation every time . . . quick, easy, safe! 


Sold Through Franchised Distributors Only 


APPLETON ELECTRIC COMPANY 





A 


Circle 218 on Inquiry Cord 


3 


201 


SEND 
YOUR PRINTS 
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AND MANUFACTURING COMPANY 


FLASTICS 


for Electrical Applications 


123 Retary Drive 
GURNEE, ILLINOIS 
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terminals aud contacts silver plated. 
Overall distance from mounting sur- 
face to extreme tip of terminal, 0.575 
nominal. Volume under mounting surf- 
ace, slightly over 0.5 cu in. Mounting 
holes on 15 in. centers. Continental- 
Wirt Electronics Corp., 5221 Greene 
St., Philadelphia 44, Pa. 

Circle 505 on postcard at end of book 


PUSHBUTTON SWITCHES 


Standard and lighted switches feature 
nylon-insert molded actuator. Depth 
behind panel is 25, for standard and 
44 in. for lighted switch. Choice of 


contact arrangements possible; build- 
ups can be mounted on one or both 
sides. Lighted switch has bayonet- 
lamp base adapter. Lamp can be in- 
serted or removed from front of panel. 
General Control Co., 1200 Soldiers 


Field Rd.. Boston, 34, Mass. 
Circle 506 on postcard at end of book 


OVERTRAVEL SWITCH 


Miniature = switch with  overtravel 
plunger for cam actuation in rotary 
applications is designated B-2PD. 
Electrical and environmental charac- 


teristics meet MS-25085. Switch avail- 
able with drilled single- or double-tur- 
ret terminals. Size, 42 x 14 x 0.871 in. 
high. Specifications include overtravel 
of 0.060 in. minimum; pretravel, 0.015 
in. max; operating force, 10 oz max; 
return force, 1 oz min; movement dif- 
ferential, 0.001 in. max. Milli-Switch 
Corp., Div. of P. R. Mallory & Co., Inc., 
Gladwyne, Pa. 

Circle 507 on postcard at end of book 


CIRCUIT BREAKER 


“Hynetic” circuit breaker has a hy- 
draulic-magnetic tripping element. 
Breakers can be supplied in 360 cur- 
rent ratings from 0.020 to 50 amp or 


any fractional rating within these lim 
its. Trip ranges: standard, fast, or in 
stantaneous. Standard time delay, ap 
plicable for motor protection. Fast 
time delay protects electronic circuits 
including components such as vacuum 
tubes and transformers. Breakers can 
be supplied without time-delay el 
ment. Four voltage ratings: 32 or 50 
volts d-c, and 125 or 250 volts at 60 
eps. Interrupting capacity, 1000 to 
3000 amp, depending on voltage rating 
Optional feature is SPDT auxiliary 
switch actuated by breaker mechanism 
Westinghouse Electric Corp., Box 2099 
Pittsburgh 22, Pa. 

Circle 508 on postcard at end of book 


ROTARY STEPPERS 


Series 18500 all-magnetic positioning 
stepper devices permit precise angular 
positioning of rotary components such 
as potentiometers, dials and indicators 
Units may be coupled to synchro trans 
formers or predetermined pulse coun 
ters. Steppers operate on number of 
pulses received, not on changes in 
phase angle or voltage. Stepping a 
tion achieved without ratchets, link 
ages or contacts. When coupled to 
synchro transformer, stepper can be 
pulsed to rotate through a given num 
ber of closed-circuit positions, then, 


on last pulse, complete an open circuit 
aligned with zero angular reference 
of transformer. Harnessed to predeter- 


mined pulse counters and correspond- 
ing switches, positioning devices can 
be used to transmit angular informa- 
tion to remote locations. A. W. Hay- 
don Co., 232 No. Elm St., Waterbury, 
Conn. 
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WESTON SWITCHBOARD 
INSTRUMENTS SOLVE PROBLEMS 
OF RANGE, ACCURACY, SPACE 


Models and types available 
for every application 


Weston Switchboard Instruments provide basic accuracies of 
+ 1% full seale, and can be made to meet more exacting 
requirements. They are supplied in groups of matching units 
in a wide variety of models and ranges. 


All models are available with internal illumination, or with 
clear plastic fronts for exceptional visibility. “In-line” pointers 
and scales eliminate reading errors caused by parallax. 

For even more precise measurement, they can be supplied 

with knife-edge pointers and mirror scales. 


Model 610 Group is supplied with 4 x 4.5” Bakelite cases. 
Scales are 3.5” long. CORMAG® mechanisms permit mounting 
on magnetic or non-magnetic panels without special adjustment. 
These instruments are ideal for compact installations where 

one operator controls a large number of circuits. 


Model 921 Group consists of 5.75 x 6” instruments with 
5.21 scales. Rugged steel cases provide shielding against 
external magnetic fields. This group is particularly suitable 
where good readability under adverse conditions is required. 


Call your Weston representative for details on how these 
instruments can be adapted to your most critical specifications, 
or write for Catalog 01-200. Daystrom, Incorporated, 

Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division, 100 Empire St., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 

Toronto 19, Ontario, 


,ouTs 
ee 
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DAYSTROM , incorrorated 
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WESTON INSTRUMENTS DIVISION 


Reliabilit hy by. “Design. 
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| SEQUENCE PROGRAMMER 
Miniature solenoid-actuated sw itching 
devic ¢ to ene ode or decode events in a 
a ee sequence is designed for operation 
Same with solid-state circuitry over a wide 


die cast for ee 
MALLORY 


by GRC 


helped create higher 


| interchangeable coded disk to deter- 


“impossible”, yes, by any other method. But—GRC's mine or sense sequence of events. For 
unique single cavity die casting techniques made general application in complex auto- 
possible a detailed and complex actuating mechanism matic control operations. Indexing ac- 
with exceptional requirements of uniformity and accu- | tion permits division of program disk 
racy. Inspired Mallory engineers to design a new and | for sequences requiring up to 100 
better switch around this GRC die cast mechanism! switch positions. Programmer, :includ 
Just another instance in which GRC's exclusive patent- ing coded disk, weighs 0.9 oz. Rated 


Quick deliveries on 
qvontities of 100,000 
to mony millions. 


NO SIZE TOO SMALL! 


Max. weight % oz. 
Max. length 14%,” 


Write for 
detailed bulletin 
or send prints 
for quotation. 


ed methods have solved a parts for 4 to 8 volts and will operate with 
problem and opened the door to input pulses as short as 11 millisex 
@ new product .. . at substantial . | Up to 70 indexing motions per se 
savings. %y | Elgin Micronics, Div. of Elgin National 


Watch Co., 366 Bluff City Blvd., Elgin, 


World's Foremost Producer of Smal! Die Castings om Z >) 
| 


sinaididedileckiiandniaa 
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Series 1121 indicator displays a 4% 


y | 
Acre fo) on | in. number. Counter accepts input 
| pulses, registers decimal count and 
generates output pulse to count to ten 


TERMINAL WIRING! 2 
co 


The New JONES 
FANNING STRIP 


Connections are made through Fanning 
Strip, on bench or anywhere apart from 
barrier strip, and quickly slipped inte 
assembly. 


Designed for use with Jones Barrier Ter- 
minal Strips Nos. 131 and 142, for 1 to . y | tubes and optics. Counters and decod 


. | ers use semiconductors. Can be viewed 
20 terminals. from 100 ft and 70-deg angle. Models 


i , offered for various counting rates and 
Simplifies and facilitates soldering. insures posi- 


tive correct connections. Saves time. Ideal for 
harness or cable assembly. Strong construction: 
Brass terminals, cadmium plated. Heavy bakelite 


mounting. | PRECISION SWITCH 


Instrument switch with a total re 

| sistance of 0.7 milliohms has been an- 

Send for complete nounced. Contact resistance figure re 
date on this aow ee mains constant to 20 micro-ohms 
bosic improvement! peie | Switch is intended primarily for use 


eopited tor © | ON instruments for measuring electrical 


inputs. Navigation Computer Corp., 
1621 Snyder Ave., Philadelphia 45, Pa 
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“..-MEW MANUAL 
EXPANDS INFORMATION ON 


MINIATURE & INSTRUMENT 
BALL BEARINGS...’’ 


By GEORGE HAMPSON, Vice President -Sales, 
New Hampshire Ball Bearings, Inc. 


“.., this ‘Design & Purchasing Manual’ replaces the first- 
of-its-kind ‘Technical Data and Catalog’ book NEW 
HAMPSHIRE published in 1957. As the ‘Technical Data’ 
(black cover) was then, we believe the ‘Manual’ (green 
cover) is now, the most complete source of information on 
miniature and instrument ball bearings in print. About 50 
pages larger than the old book, the ‘Manual’ was expanded 
that much to include information developed since 1957 on 
ordering, maintaining, fitting, lubricating and testing mini- 
ature bearings.” 


QUALITY — AND ASSURANCE 


“The significance of ABEC Class 7 tolerances to running 
quality of instrument bearings is covered in one section with 
a brief, to-the-point explanation of how improved bearing 
geometry helps the design and quality control engineer. A 
pictures-and-words story describes NEW HAMPSHIRE's 
Quality Assurance by which this high standard for mini- 
ature bearings is maintained in production. The equipment 
used, and how used, is fully described. Testing geometry 
and finish, cleaning and lubricating, functional testing of 
bearings, and metal research are some of the subjects 
covered.” 





| 


el 


EASY-TO-READ TABULATIONS 


“An even easier-to-read tabulation form is used to list NEW 
HAMPSHIRE Bearings in Bore/OD/Width sequence for 
quick identification and selection when ordering or writing 
specifications. Three hundred seventy bearings are so listed, 
including NEW HAMPSHIRE wafers, the narrowest 
shielded retainer bearings possible for given Bore/OD com- 
binations, and developed especially for manufacturers of 
synchros, servos, smal] motors, potentiometers, miniature 








BEARING NUMBERS EXPLAINED 


“The ‘Design & Purchasing Manual’ includes a section on 
Designation, Packaging and Marking in which NEW 
HAMPSHIRE Bearing number symbols are explained, 
methods of packaging available from NEW HAMPSHIRE 
are described, and materials identification codes listed. 
Study of this section can work savings of money and time 
by minimizing the necessity of returning mistake-ordered 
bearings. In addition, simple HOW TO ORDER instructions 
are included on every page of bearing tabulations. 

A Table of Weights is provided to assist those responsible 
for systems design and planning to compute weights of 
the NEW HAMPSHIRE Bearings specified and included.” 


ENGINEERING BULLETINS EXPANDED 


“The Engineering Bulletins have been expanded and brought 
up-to-date to inform designers, engineers and quality control 
personnel of the latest developments related to Lubrication, 
Load Ratings, Fits, Speed, and other factors affecting per- 
formance and life of instrument bearings. There are now 22 
Bulletins on as many subjects, including the two most re- 
cently developed, Duplex Bearings, and Bearing Roundness 
—one hundred seventeen pages of technical information on 
miniature and instrument ball bearings compiled and writ- 
ten by Bearing Engineers.” 


REGISTERED COPIES AVAILABLE 


“The ‘Design & Purchasing Manual’ should be in the library 
of every designer, draftsman and buyer specifying or pur- 
chasing miniature and instrument ball bear- 
ings. Each copy is registered to its recipient. 
Your name and title sent to us on your 
company letterhead will bring your copy to 
you by return mail.” 


gear trains, and other products where space-for-bearings HAMPSHIRE BALL BEARINGS, INC. 
is a problem.” PETERBOROUGH, N.H. 
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We talk a synchronous 
motor language 
at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, 
perfectly—with dependable 
synchronous timing motors from 


our standard lines—or | 


with motors built to your exact 
specifications. Speed ranges 
from 1800 rpm to 1 rp month. 
Shaft length, voltage variations, 
shift and brake action and 

other special features can be 
engineered to your requirements. 
Ask for the Bristol Motors 
Representative in your area— 
write for new Catalog 160. 


BRISTOL GSMOTORS 


Division of Vocaline 

Company of America, Inc. 

210 Coulter Street, 

Old Saybrook, Conn. 
Dept. EM-8 
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| characters. 


$ 


potential and resistance. Ealing Corp., 
40 University Rd., Cambridge, Mass. 
Circle 512 on postcard at end of book 


THERMAL SWITCH 


“Tip-Stat” switch 
to tip temperature rather 


Precision responds 


shell 


where 


than 


temperature. Switch is used 
inner temperature must be controlled 
Applications include measuring bear 
ing temperature: switch is supported 


in bearing housing and pressed against 


race or shell. Temperature 
range, —20 to 4-550 F. Switch is slow 
make break 


than 0.5 sec: 


bearing 


and Reaction time, less 
temperature differential, 
1 to 2 deg. Repeatability, +1 F. Con 
tact rating, 1.5 28 volts d« 
and 115 switch 
diameter, 0.5 in Prod- 


306 Harrison, 


amp at 
volts a-c resistive; 
max. Control 
ucts, Inec., sussex Sl, 


le 
Circle 513 on postcard at end of book 


POSITION DIGITAL SWITCH 


Dial-setting «witch Series 7320 has 16 
single-pole switching positions plus an 
OF! Switches with 


position 16 post 


tion, 4-bit binary-coded output are also 


programmed for production. Optional 
features include color-coding of dec- 
ades, internal lighting, and special dial 
Life is 1,000,000 
Digitran Co., 660 So. Arroyo 
Pasadena, Calif. 

Circle 514 on postcard af end of book 


DISK THERMOSTATS 


counts. 


Pkwy., 


Bimetal-disk Type MX thermostats can 
be supplied with diflerentials, as meas- 
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getting goddy 


eption 


of 


‘in commun y TV... 2. . 
Mohdvl k's H-F coaxials, bkeied and” insulated ~ 
with TENITE POLYETHYLENE. | 


For community television distributing systems in any 
area, Mohawk HK-F coaxials do a complete transmission 
job, from tower or relay station right into the living room. 

Tenite Polyethylene is used as jacketing and insulating 
material on these cables. It offers all-round high perform- 
ance which gives them long life, keeps line loss low, and 
permits ease in installation. 

4As a jacketing material, tough Tenite Polyethylene pro- 
vides excellent resistance to abrasion, weathering, mois- 
ture, and heat. Users can look forward to years of maxi- 

mim protection. 

As an insulating material, Tenite Polyethylene has a 
low power factor, which holds energy losses to a mini- 


mum. In these Mohawk cables, both solid and foamed 
Tenite Polyethylene are used for primary insulation.. 
the foamed material having ah even lower dielectric 
constanf than the solid, thus making possible a thinner 
insulation with a resulting decrease in cable weight. 

Linemen find that cable jacketed with lightweight 
Tenite Polyethylene is easy to handle and gzip and is 
flexible even at sub-zero temperatures. - 

There is a formulation of Tenite Polyethylene to meet 
the demahds of most insulating and jacketing applica- 
tions. For further information on this useful plastic, write 
EASTMAN CHEMICAL Propucts, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 


4 


e Both.natiiral and black electrical grade Tenite Polyethylene are 


available to cable manufacturers as unique spherical pellets which 
flow freely in the extrusion process and in “air-veying” bulk ship- 


ments from truck to bin. 


© Cable manufattured by Mohawk Wire & Cable Corporation, 320 
River Street, Fitchburg, Massachusetts. Jacketing and insulation ex- 


d of Tenite Polyethylene. 


an Eastman plastic 





THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
uP 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
uP To 250°C 


mutton 
wee ow 
ovtrur 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE TEFLON 


CERAMIC HEAVY TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * *& 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SPRAGUE 


MARK OF RELIABILITY 


Circle 226 on Inquiry Card 


| load. 


| ured on disk, of 1 to 4 deg F on specia’ 


order. Standard thermostats are avail- 
able with differentials of 2 to 6 F. 
Styles available: semi-enclosed or her 
metically sealed, one terminal ground- 
ed or both terminals insulated. Ratings 


based on non-inductive load: 3 amp 


| for 25,000 operations at 30 volts a-« 


at 1 amp for 
Manufac- 
Mansfield, 


d-c and 115 volts a-c 
250,000 operations. Stevens 
turing Co., Inc., Box 1007, 
Ohio. 


Circle 515 on postcard at end of book 


THERMAL TIMER 


Model 261 timer has two terminals 
for contact circuit and two terminals 
for heater circuit. Available with NO 
contacts which close after energization 
or NC contacts which open after ener- 


Timer settings of- 
rating, 


gization of heater. 
fered up to 2 min. 
100 watts, 115 volts a-c non-inductive 
Stock heater winding, 24 volts. 
George Ulanet Co., 413 Market St., 
Newark 5, N. J. 

Circle 516 on postcard at end of book 


TIME-DELAY RELAY 


Series D relay time cycle is factory 
to 60 hr. SPDT 
rated 5 amp at 115 volts, 60 cps. Oper- 
230 volts 


Contact 


set, 1 sex contacts 


ating voltages offered: 6 to 


w“T aos, 
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EVERYTHING you need for fast, easy 


Over 1200 Rectifiers 
Fully Described 


48 Pages of Solid 
Technical Data 


Complete. /nformation on 


CIRCUITS 

SIZES 
DIMENSIONS 
CURRENT RATINGS 
VOLTAGE RATINGS 
PRICES 
INSTALLATION, etc. 


VICKERS MCORPORATED 
ELECTRIC PR 


VICKERS Grain-Oriented* SELENIUM RECTIFIERS 


The unique characteristics of these rectifiers provide efficiency and economy 


unmatched by conventional rectifiers. 


In Vickers rectifiers, the selenium is grain-oriented: crystals are aligned in the 
same direction, rather than in the random pattern found in ordinary rectifiers. The 
result? More working crystals, greater uniformity, better performance per square 
inch of cell area. Rectifiers provide higher current ratings without increase in cell 


size, and without danger of overloading; cost per watt of output is lower. 


This 48-page bulletin gives you the complete story. 
Send for Bulletin EPD 3116-1. Letterhead requests only, please 


VICKERS INCORPORATED 


ISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Sales  $T, LOUIS—CEnivol 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering  OtTROIT—KEnwood 4.8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, DB. C.—EXecutive 3-2650 BOSTON (Representative) —CEdor 5-6815 
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Permanent magnet, d-c 


tachometer generators with 


high linear output... 


low ripple... for precision 


applications 


THE MARK OF QUALITY 


PEL a, 
RE 


UP TO 24 VOLTS PER 1000 
RPM OUTPUT 


RATED OUTPUT TOLERANCES 
WITHIN =1.5% 


3% MAXIMUM RIPPLE VOLTAGE 
(OVER 100 RPM) 


STABILIZED MAGNETS 


SELECTION OF OUTPUT SHAFTS 
AND MOUNTING FLANGES 


Barber-Colman permanent magnet 
tachometer generators are available 
in two basic designs, shown above, 
with three frame sizes each. Type 
BYLM (1.59” diameter) is capable 
of output voltages up to 24 v per 1,000 
rpm. Type FYLM (1.25” diameter 

provides outputs to 10 v per 1000 rpm 
With special modifications, higher out- 
put voltages can be obtained. Rug 
gedness characterizes both designs 
Laboratory tests of standard units 
operable from —65° F to + 200° F 

indicate a life expectancy of 2,000 
hours at 3,000 rpm. Units have also 
been designed for +500°F ambient 
Ask for Bulletin F-9581 


WRITE FOR NEW QUICK REFERENCE FILE 


m the complete line of Barber-Colman electrical 
Include: 

a-c and d-c motor t 
heads, relay 


component detailed specification 
renerator 


h gen blower 


BARBER-COLMAN COMPANY 


Dept. H, 1803 Rock Street, Rockford, Illinois 
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at 25, 50, 60 or 400 cps; or 6, 12, 24, 
28, 115 volts d-c. 
sealed. Industrial Timer Corp., 1407 
McCarter Highway, Newark 4, N. J. 

Circle 517 on postcard at end of book 


VOLTAGE AND FREQUENCY- 
LIMIT DETECTORS 


Detectors provide high and low set- 


Relay is hermetically 


table limits and are designed for use 
in ground-support equipment, airborne 
equipment, instruments, ¢ mtrol appli 


cations and test equipment Model P1 
2 is an a-c detector with settable limits 
from 105 to 125 volts. Model PT-4 is 
a d-c detector with limits from 22 to 
32 volts. Model PI-3 frequency detector 
features limits from 48 to 72 cps 
Model PI-14 frequency detector limits 
from 320 to 490 cps. Each packaged 
in a MIL-T-27-JA can 14% x 2% x 5'% 
in. Anadex Instruments, Inc 14734 
Arminta St., Van Nuys, Calif 
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FORM C CONTACT RELAY 
“Wire-spring” relay WQOA, designed to 


transfer up to 51 circuits for 100 mil 
lion or more operations without read 


justment, is suitable for industrial con- 


trol. Card actuated by armature move 
ment operates all moving wire-spring 
contacts simultaneously and independ 
ently to avoid cumulative buffer wear 
Relay is available in one, two, or three 
levels of contact assemblies, with up 
to 17 Form C combinations each. Other 
forms, such as A or B, can be obtained. 
Operating voltages range from 6 to 
220 d-« 
quires less than 
Relay 


Largest contact pile-up re- 
4 watts operating 
power has twin, independent 
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contacts of palladium-silver and_ will 
carry 3 amp, 150 watts, non-inductive 
load, Size, 3-level, 4.06 x 3.14 x 3.78 
in. Automatic Electric 


Northlake, IIL. 

Circle 519 on postcard at end of book 
SILICON CONTROLLED 
RECTIFIER 


Low-current C10 rectifier 


Laboratories, 


applic ations 


are in circuits for pulse- and phase 
controlling d-c output as well as power 
inversion. Eight models differ by repet- 
i.ive piv ratings, which range from 


25 to 400 volts. 
rent ratings are 1.7 


Average 
amp at stud tem 
perature of 125 C and 4.2 amp at 75 
1.2 volts 
volts at 20 
current 


C. Maximum forward voltage, 
at 3 
Maximum gate 


amp d-c or 2 amp. 
and voltage to 
fire device, 15 ma at 25 C and 2 volts. 
leakage current 


average) at 150 C for 


Reverse or forward 
‘full evele 
O0-volt device is 
Electric Co 


N. ¥ 


$} ma max. General 


( harle . Bldg l iverpool, 
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RELAY WITH 
INDICATOR LAMP 


General-purpose relay KRP-N has a 


built-in neon lamp as an aid to trouble- | 


shooting circuits. 


sistor are connected in parallel to 


relay coil to indicate current 


AUGUST 1960 


forward cur- | 


Lamp and series re- | 


avail- | 


High-quality, low-cost 


Barber-Colman reversible 


servo motors, blower motors, 


a-c tachometer generators 


for electronic applications 


Reversibie Geared Motor 


TYPICAL 


CONTROL CIRCUIT 


THE MARK OF QUALITY 


BARBER 
RE 


LOW COST 

HIGH STARTING TORQUE 
QUIET RUNNING 
LONG-LIFE LUBRICATION 


POROUS BRONZE OR BALL BEARINGS 


PRECISION-HOBBED GEARS 
QUALITY GUARANTEED 


Tach Generator 


Biower Motor 


a-c small motors 


Precision-made to give long, trouble-free 
service in a wide range of electronic 
control and cooling applications: 
Reversible Servo Motors — Compact, 
powerful for servo-mechanisms, remote 
switching and positioning units, record- 
ing instruments, voltage regulators. 
Adaptable to a variety of control circuits 
for power requirements up to 1/25 hp. 
Blower Motors—For driving blowers 
and fans. High starting torque, ratings 
up to 1/20 hp, low noise level. 

Tach Generators — Typical generated 
voltage is two volts per 1000 rpm and 
can be increased to 10 volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman a-c small 
motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 

. . Open or enclosed types. Stator and rotor sets 
also available. Free engineering service 


| BARBER- COLMAN COMPANY 


Dept. H, 
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1203 Rock Street, 


Rockford, Illinois 
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GUDELACE 
is engineered 
for 

problem-free 


It’s no accident that Gudelace is the 
best lacing tape you can buy. Excellence 
is engineered into Gudelace. A sturdy 
nylon mesh is meticulously combined 
with the optimum amount of special 
microcrystalline wax. Careful selection 
of raw materials and superior methods 
of combining them give Gudelace out- 
standing strength, toughness, and sta- 
bility. Gudelace is the original flat lacing 
tape which distributes stress evenly over 
a wide area. It is engineered to stay flat; 
it will not stretch out of shape when 
pulled. Gudelace’s nonskid surface pre- 
vents slipping, eliminating the too-tight 
pull that causes strangulation and cold 
flow. Durability and dependability make 
Gudelace your most economic buy— 
with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica- 
tions on Gudelace and Gudebrod’s com- 
plete line of braided lacing tapes and 
dial cords—Temp-Lace, Stur-D-Lace, 
and Gude-Glass. 


VISIT GUDEBROD BOOTH NO. 228 
AT THE WESCON SHOW 


GUDEBROD 


BROS. SILK CO., INC. 


Electronic Division 
225 West 34th Street, New York 1, N.Y. 


Executive Offices 
12 South 12th Street, Philadelphia 7, Pa. 
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ability. Relay can be furnished for 6 


to 110 volts d-c and 6 to 230 volts | Vhe Finest PETE, és 


a-c. Silver cadmium contacts rated 10 


amp are standard. Contact arrange- ‘/ ae Least Expensive 
ments available up to 3PDT. Technical 


Information Section, Potter & Brum- 
field, Princeton, Ind. 


Circle 521 on postcard at end of book NEW RUBICON DIRECT- 
osnitamaiesiaiiies READING RATIO SETS FOR 
Miniature linear-motion variable _re- HIGH-PRECISION 
sistors, Model 7, have no _ contact COMPARISONS OF RESISTORS 


bounce when subjected to vibration 
tests of 20-2000 cps at 30 g for 10 


A 


MODEL 1414—FOUR DIALS 
e Ratio values from 0.994445 
to 1.005555, in steps of 
0.000001. 
Subpanel switches with sil- 
ver contacts. 


Four Waidner-Wolff decades 


| minutes in each axis. Available with to reduce effect of switch 


either wirewound or composition ele- resistance. 
ments. Resistance range is 100 ohms Battery circuit reversal key. 


to 20 k ohms (wirewound) and 10 ceupesese electrostatic 
k ohms to 2.5 megohms (composition). ne 
Limit of error .0002 percent 


eed mnaneaomet " A per cant of total oe (2ppm), provided resistors 
less. Centralab Div. of Globe Union, to be compared are equal 
900 E. Keefe Ave., Milwaukee 1, Wis. within 0.1 percent. 


Circle 522 on postcard at end of book 
CONTACT PROTECTORS 


Contact protection units are said to 
extend life of a contact up to 100 
times that of an unprotected contact. 
Available with pigtail leads, in en- 
eapsulated or tubular construction. MODEL 1413—THREE DIALS 
Protectors serve all relays operating e Essentially same as four-dial 
. model, but has three decades to 
up to 40 times per second and which provide ratios from 0.99445 to 
draw up to 200 ma at 130 volts a- 1.00555, in steps of 0.00001. No 
or 250 ma at 154 volts d-c, ratings battery circuit reversal key. 
based on operation in ambient tem- MODEL 1406— 
perature of 35 C. Applications include UNIVERSAL RATIO SET 
telephone switching equipment, com- For comparing resistors. Ratio 


; : 5 “ 
. 6 6 1 equipment, tele- limit of error 0.005 percent at 
puters, relays, contro! equip settings of 100 ohms or more 


metering equipment, thermostats, etc. Resistance 2,111.110 ohms con- 

Radio Receptor Co., Inc., Selenium stant for all dial settings. Poten- 

Div., General Instrument Corp., 240 tial connection may be made by 

'vthe Ave.. B , ay ie, 2 dial adjustment at any point of 

Wythe Ave. Brooklyn 1 cred cg pe body Pt aqua 
Circle 523 on postcard at end of book est 0.001 ohm. 


Each of these fine instruments 
will give you the exceptional pre- 
cision and long service for which 
Rubicon products are famous. 


For complete details, contact your 
nearby Honeywell Branch Office, 
or write to MINNEAPOLIS- 
HONEYWELL, Rubicon Division, 
Philadelphia 32, Pa. 


th 
Pi ERING THE FUTURE 
YEAR 


Honeywell . 
aa 


(Continued on page , 214 ) 
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if your production problem puts you 
squarely in the middle of not ready 
and not yet—quotas too high for 
hand tool crimping yet not high 
enough to justify installation of AMP 
automatic machinery—you'll find a 
minimal investment, speed-up 
answer in the AMPORTAMATIC Tool. 


The AMPORTAMATIC Tool is 
designed for continuous use to 
precision crimp a variety of AMP 
terminal types in a wide wire size 
range. For volume, bench production 
or for hard-to-reach locations— 
anywhere along the production line 
—the AMPORTAMATIC Tool delivers 
a single crimp or a fast series of 


crimps with complete reliability. 


Think there’s room for this versatile 
performer in your lineup? Then you'll 
want to know more about the 
portable AMPORTAMATIC Tool. 


Sen 4 for tha full ctnr 


that’s|the 
AMPORTAMATTE! 


ANP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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Can a silicon rectifier 


solve your problem? 


It might, if you have a problem in DC power sources. For 
example, some time ago C & D needed a high efficiency, con 
stant potential, current limiting DC power supply. Output 
had to be held within + 1% over an AC input variation of + 
15%. In addition, maintenance would have to be virtually nil 

The answer was found by using a silicon rectifier in com- 
bination with simplified components that became the heart 
of C & D’s AutoReg® charger. AutoReg chargers provide 
continuous, automatic, unattended charging of industrial 
storage batteries. With the exception of a timing circuit 
there are no moving parts. There are no relays to adjust and 
practically no maintenance is required. 

Now, C & D has expanded facilities of the AutoReg plant 
to provide industry with similar DC sources, which incor 
porate silicon rectifiers and automatic regulation. Final form 
of these units can supply power in a range from milliwatts to 
megawatts, depending upon your requirements. 

Companies with a problem in DC power sources should 
write, giving a general outline of their requirements, to: 
Vice President in Charge of Engineering 


AutoReg’ Power Sources 


rez SBATTERIECS 
of Corshohocken,, Sa... Attica, Tr 


OIivy THE ELECTRIC AUTOWITE co 


Manutacturers of Slyver-Clad® industrial Batteries - PlastiCell* and PlastiCal® Batteries for Communications, Control, and 
Auxiliary Power > Producers of AutoReg® Silicon Chargers and AutoCal’ Charger-Batiery Combinations 
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POWER RHEOSTATS 


R-50, 75, 100 and 150 all-ceramic rheo- 
stats have a torsion spring assembly 
which provides uniform pressure of 
contact brush against winding. Cur- 


rent flows from brush through flexible 
shunt wire to slip ring. Mechanical 
stop at extremes of rotation is inde 
pendent of contact-arm assembly. Tru 
Ohm Products, 3800 No. Milwaukee 
Ave., Chicago 18 

Circle 524 on postcard at end of book 


TRIMMER POTENTIOMETER 


Six *.-in. diam trimmer  potentiom 
eters (Model 118) are available in 
eight standard resistance values from 
100 to 25,000 ohms. All are manufac 
tured with 20 ppm resistance wire and 


/ 


can dissipate 1 watt at 125 C for at 
least 2000 hr. Standard resistance 
tolerance, +:5 per cent; linearity, 1 per 
cent. Carter Manufacturing Corp., 23 
Washington St., Hudson, Mass. 

Circle 525 on postcard at end of book 


LINEAR-MOTION 
POTENTIOMETER 


Model 111 potentiometer detects mo- 
tions as small as 0.000005 in. Designed 
for operation with a-c or d-c input. 
Provides, without amplification, out- 
puts as great as 350 volts/in. of dis 
placement. Film potentiometer _ life 
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Special designs from service tested components 


a Decco industrial quality D.C. solenoids embody the same experienced engineering, 


high quality construction and dependability of performance as the well known Decco 
A.C. line. 


Decco D.C. units are NOT just D.C. modifications of A.C. units! They are specially 
engineered and constructed to meet the unique requirements of direct current operation. 

Decco D.C. solenoids are of the highly efficient, compact moisture resistant cylindrical- 
type, single-wound or double-wound with internal switch. They are available in a wide 
range of force characteristics and stroke lengths. 

Decco engineers will gladly advise you on your solenoid problems. Many unusual 
requirements have been filled, at nominal cost, by adaptation of our standard units. Specials 
will be built to your specific needs. Write for catalog 591. 


os OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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“SPECIAL’ thp 


GEARED MOTOR 
PROBLEM? 


HERE’S YOUR ANSWER— 





MERKLE-KORFF 


From 800 down to ‘/; R.P.M., or lower; for 
continuous, intermittent and reversing appli- 
cations; with or without cooling fans, brakes 
and motor covers—you get more torque per 
pound and per dollar with Merkle-Korff's long 
experience and dependability. 


HUNDREDS OF MODELS 

Merkle-Korff geared motors have forty-nine 
years of progress behind them—and youl 
Excellent basic design, know-how gained in 
producing many millions of geared motors 
and billions of gears assure you that Merkle- 
Korff has the motor you need—or can design 
and build one for you in record time. 


CHOICE OF MOUNTINGS 

Horizontal, vertical, side wall, base or face 
mounting—any way you need your motors 
Merkle-Korff can supply them. 


VARIETY OF MOTORS 

Do you need perfect timing? Reversing 
motors? Universals? Starting torques equal to 
or exceeding running torques? Do you need 
more power in the smallest package and at 
the lowest cost? 


Merkle-Korff probably has the onswer ready 
for you now. Investigate. There is no obli- 
gation. 


fa + } a 

LET MERKLE-KORFF | | te 
APPLICATIONS ENGINEE / 
; iif 


HELP YOU! ~~ 


Standard models of MK geared motors meet 
hundreds of OEM requirements. Ask for com- 
plete engineering data. 

MK Applications Engineers are at your 
service if you have unusual requirements. 
They welcome “problems”; they enjoy solv- 
ing them. Write us today. 


EEE AL MEANUPAL EURETNY 


rating, up to 30,000,000 strokes, de- 
pending on circuitry. Device used in 
design of programmed machine tools 
or other devices requiring precise 
knowledge of linear position. Size is 
one inch square with length depending 
upon desired stroke. Resistance range, 
250 ohms to 125 k ohms per inch of 
stroke. Stroke lengths, 44 to 10 in. 
Computer Instruments Corp., 92 Madi- 
son Ave., Hempstead, L. I, N. Y. 


Circle 526 on postcard at end of book 
BASE-MOUNTED RESISTORS 


Type PRS wirewound miniature re- 
| sistors are base-mounted with two 
| parallel leads, needing only an area 
equal to their circumference for mount- 
ing. Printed-circuit resistors available 
in 3, 5, 7 and 10 watts and in sizes 


1 


| ranging from “%e x Me to 1%2 x % in. 
| Tolerance range is 0.05, 0.1, 0.25, 0.5, 
| 1 and 3 per cent. Resistance range is 
0.05 ohm to 175 ohms. Dale Products, 
| Ine., Box 136, Columbus, Neb. 
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CARBON-FILM RESISTORS 


“Aeroglaze” conformal coating applied 
as a 100 per cent solid is offered on 
Hi-Q Carbofilm resistors. Coating will 
meet all requirements of MIL-R- 
10509B. Aeroglaze resistors available 
| in Ye, 44, Ye, 1 and 2 watt sizes to 
_ meet MIL designations RN10, RN20, 
| RN25 and RN3O. All ratings from 5 
| ohms to 50 megohms available. Hi-Q 
| Div., Aerovox Corp., Olean, N. Y. 
Circle 528 on postcard at end of book 


MERKLE-KORFF GEAR COMPANY 


NORTH MORGAN ST., CHICAGO 7, ILLINOIS a 
(Continued on page 218) 


Circle 235 on Inquiry Cord ELECTRICAL MANUFACTURING 





AUGUST 1960 Circle 234 on Inquiry Card 


Magnetic Materials from General Electric 


, BONUS ZONE 


General Electric D.G. Magnets 


can put you in the bonus area 


° 
3 
z 
3 
z 


MAGNETIC POTENTIAL 


Here’s how to move into the bonus area of high perform- 
ance and savings as well. 
G-E Directional Grain process for manufacturing Alnico 
5 magnets gives you the bonus area of available energy for 
your loudspeaker applications. The advantages are im- 
portant. G-E speaker magnets give external energy prod- 
ucts of 0.5 to 0.75 (BH) m x 10° greater than regular 
Alnico 5. In addition, residual induction is improved and 
increased efficiency means cost reductions in the magnetic Conventional Magnet =» Alinico 5 D.G. Magnet 
circuit return path. Schematic representation of the effect of control- 
Send for specifications on the superiority of G-E Alnico 5 ling crystal orientation on magnetic structure. 
D.G., and information on the complete line of permanent 
magnets. Write: Magnetic Materials Section, General Elec- 
tric Company, 7804 N. Neff Street, Edmore, Michigan. 5 
General Electric D.G. crystal 
controlled magnet produced 


by controlling heat flow from 
casting. 


MAGNETIC MATERIALS SECTION 


GENERAL (> ELECTRIC 


CARBOLOY® CEMENTED CARBIDES © MAN-MADE DIAMONDS ¢ MAGNETIC 
MATERIALS © THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 


Conventional Alnico magnet 
with random crystal structure. 
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COMMUNICATION-WIRE 
CONNECTOR 


Self-stripping Type UR connector for 
the telephone, communications and sig- 
| naling industries splices, insulates and 
moisture-seals in two steps. No wire 
stripping necessary. Connector accom 


modates any 2- or 3-wire combination 


of 19 to 26 AWG solid or 20 to 26 
AWG stranded wire, and handles all 
insulation, including plastic, rubber, 
enamel and TFE-fluorocarbon. Average 
pullout resistance of splice equal to 
95 per cent of wire breaking strength 
Connector made of transparent thermo 
plastic, filled with silicone grease and 
incorporating metal finger-like conne 
tor element. In use, wires are inserted 
into connector and secured simply by 
squeezing button into connector sleeve. 
As button is depressed, finger-like con- 
nector element strips insulation and 


eS 
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a) 
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eo 
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grips conductors. Minnesota Mining 
ind Manufacturing Co., 900 Bush Ave 
St. Paul 6, Minn. 
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PRINTED-CIRCUIT, 
TAPERED-PIN CONNECTOR 


Printed circuit connector features 
phosphor bronze or beryllium copper 
contacts with 0.0002 silver and 0.00003 
gold plating that withstands one thou- 


The Friden Model SRW Calculator extracts square root at the touch of a key. 
And it’s the only calculator that can. In any work requiring frequent square 
root calculations, the SRW is an indispensable time-saver. 


At Lockheed’s Sunnyvale, California Missile and Space Division, the Friden 
Square Root Calculator has been utilized since the Division began in 1954. 
To date, this installation has purchased more than 40 SRW’s. Although the 
actual saving in dollars and cents could only be guessed at, Lockheed’s continu- 
ing re-orders attest to the usefulness of the Friden SRW. 


For a no-obligation demonstration of the Friden Square Root Calculator, con- 
tact your local Friden Man, or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: the practical application of automation principles 


to the creation and processing of source data. @ annem 


| 
| 


¥ =a sand or more insertions. Mates with 
“i 5 | 3¥o-deg taper pins. Pins have mini- 
i, ai 


mum capacity of 5 amp and 2150 volts 
a-c at 60 cps. Tapered pin connector 
SALES. SERVICE AND INSTRUCTION THROUGHOUT THE U.S. ANDO THE WORLD available in 6 sizes from 12 to 41 con- 
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MAGNETIC CONTROLS Chooses Tung-Sol flasher 
for Polaris guidance system temperature control 


Magnetic Controls’ portable temperature con- 
trol maintains the Polaris guidance and stabili- 
zation system at safe temperatures while the 
system is in storage or in transit. Up until the 
time the system becomes operational in the sub- 
marine-launched missile, the control equipment 
keeps the temperature within a prescribed range. 
Should the temperature deviate, however, beyond 
preset tolerances, visual and audio alarms are 
set off to alert operators who can then quickly 
spot the system at fault for immediate inspec- 
tion. 

Magnetic Controls specified the Tung-Sol 608 
Flasher as the trigger for the visual warning 
signal. Many competitive types were put under 
critical evaluation before the Tung-Sol Flasher 
was chosen. The reasons for selecting Tung-Sol, 
according to Magnetic Controls: “We demanded 
a compact unit which was readily available and 
which met our rigid reliability requirements. The 
Tung-Sol flasher was the only one which met 
these demands.” 


Circle 236 on Inquiry Card 


“We were also gratified by the cooperation 
and assistance of Tung-Sol engineers who de- 
signed a suitable mounting clip for the flasher 
when we encountered difficulty in locating one,” 
Magnetic Controls reports. 

Tung-Sol’s outstanding experience in the de- 
sign, development, production of special purpose 
flashers is readily available to you. Like all 
Tung-Sol components — tubes, semiconductors 
and miniature lamps — Tung-Sol flashers are the 
product of the highest manufacturing standards 
and assurance practises which have made 
Tung-Sol the name synonymous with the finest 
in componentry. Tung-Sol Electric Inc., Newark 
4, New Jersey. TWX:NK193. 


Technical assistance is available through the following 
sales offices: Atlanta, Ga.; Columbus, Ohio; Culver City, 
Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; 
Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; 
Philadelphia, Pa.; Seattle, Wash. Canada: Toronto, 
Ontario. 


‘s) TUNG-SOL 
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...-new 12-amp J3 Series 


We've added a new group of four rectifiers with 
option of positive or negative base polarity. The new J3’s offer 
exceptionally large capacity for their compact design, with the 
reliability and long operating life that is characteristic of all Sarkes 
Tarzian silicon rectifiers. They are stud mounted, with an insulated 
flexible lead for ease of connection. 


Max. Amps 


Tarzian Amps OC Max. Recurrent Surge 
Type qioo"c) RMS Voits Peak (4M8) 


1OJSN 
1O0UN3SP 


20J3N 
20J/3P 


60 
30J3N 60 150 
30OJ3SP 
60 


40JU3N | 12 
40u3P 


The 1.5-amp J1 series —{})— 


has axial leads 


150 


Max. Amps 
Tarzian Amps OC Max. Recurrent Surge 


Type qioo’c) RMS Voits Peak (4mM8) 
10v1 1.5 100 
20u1 1.5 100 
30u1 1.5 100 
40N1 1.5 100 


The 10-amp J2 SERIES 


is stud mounted (Stud is negative) with 
wire lead (cathode) Negative Base Only 


Max. Amps 


Tarzian Amps OC Max. Recurrent Surge 
Type qoo’*c) RMS Voits Peak (4mM8) 


| 


The three J Series rectifiers described above are part of the Sarkes 
Tarzian line of more than 200 distinct types, all available from 
stock in production quantities. Application assistance is always 
available. 


For more information about J Series rectifiers, call the 
Sarkes Tarzian sales representative or write Section 5176E. 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Brosdcast 


Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9 + Export: Ad Auriema, inc., New York 
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tacts per unit. Astral Electronics, Inec., 
14620 Arminta St., Van Nuys, Calif. 
Circle 530 on postcard at end of book 


MULTI-CONTACT 
CONNECTORS 


MTC Series connectors can be sup- 
plied in 40, 60, 80 and 100-pin sizes. 
Plug and receptacle assemblies in- 
clude locking bolt for securing plug 


to receptacle and removable cover 
with captive screw. Permanent cable 
clamp is adjustable. Both solder and 
taper-tab terminals available. Zinc- 
chromate finish is standard. Insulation 
is phenolic resin. Contact resistance, 
28 milliohms average. Contact rating, 
2 amp. North Electric Co., Galion, 
Ohio. 
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RIBBON-CABLE CONNECTOR 


Miniature Type 138 connector, de 
signed for use with manufacturer's wire 
harnesses, is molded of high-tempera- 
ture thermal-setting epoxy, polyure 
thanes, silicone rubbers, and other ma 
terials to meet requirements. Male 


pins are recessed and as female pins 
engage, they are compressed around 
male pins to form self-locking con 
nection. Connectors made in several 
sizes, with and without self-locking 
feature. Cicoil Corp., 13833 Saticoy 
St., Van Nuys, Calif 
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TERMINAL BOARDS 


Eight-lug terminal boards for resistor 
mounting are Me-in. thick glass fiber, 
impregnated with melamine resin and 
are available in three sizes. Board 1450 
is % x “4 in., with terminal rows 
4 in. apart; No. 1451 is 1l*42 x 1% 
in., with terminal rows 34 in. apart; 
No. 1452 is 14% x 1%e in., with terminal 
rows 7% in. apart. Terminals extend “oe 
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There's more to the familiar phrase ‘Castings By 
Mansfield" than delivery of cast metal. This gear 


case and cover assembly for the Pennsylvania Trans- 


former Division of McGraw-Edison Company repre 


sents dimensional accuracy in casting and machining 
where allowable tolerances were held to 001 inch 
From blueprint to delivery, Mansfield Brass & Alumi- 


num made the patterns, cast the metal, heat treated 


the casting, and machined the case and covers. 
More and more manufacturers who demand the rigid 
standards of quality control possible only when all 
operations, including precision machining, are per- 
formed at one source are specifying ‘Castings By 
Mansfield." 


MANSFIELD BRASS & ALUMINUM CORPORATION 
Mansfield, Ohio 


BRASS AND ALUMINUM 


Circle 240 on Inquiry Card 





| _-c> 





~~ 
in. above boards. Each board has 
| grounding strap swaged to mounting 


studs. All metal parts are brass. Ter- 


| minals have 0.0003 in. silver plate plus 
Pp N G s water-dip lacquer. Cambridge Thermi- 






\ onic Corp., 445 Concord Ave., Cam- 
S W | TC H \ bridge 38, Mass. 
; \ Circle 533 on postcard at end of book 
i 
! 1 COMPONENT HOLDER 
. “Cap-Sure” nylon holders provide pro- 
| ' tection for tantalum capacitors and 
i i similar components. Holders installed 
\ j by pressing them into mounting board; 
\ j no hardware required. Units withstand 
\ / 
COMAR _\ 
/ 
\ 
TYPE ACS‘ J 
\ / 
. \ / 
* Economical ‘\ / 
° \ / 
* Compact Size \ J 
° \ 
. Easily Mounted 1 a over 30-lb pull-out from mounting 
wa 5 ae board. Model 1470, for “$2-in. diameter 


components, is %¢ long, 0.398 in. wide. 
Model 1471, for *& in. diam compo- 


Designed for sequence controlling, counting, total- ante, 30'Te Weng, CARY See ee 


available for 0.136- or 0.172-in. diam 


izing, scanning and information storage. Modifications mounting holes. Units can be used 
back-to-back on mounting board. Indus- 
: aaa . : . ° trial Devices, Inc., 982 River Rd., Edge 
available for a variety of switching applications. Sr me 

Circle 534 on postcard at end of book 

SPECIFICATIONS: Operating voltage up to 230 V.A.C.; MICROMQDULE SOCKET 
Voltage range, —15% to +10% of rated voltage; Operating Socket for RCA micromodule mounts 
7 on a printed-circuit board and is 0.094 
speed, 300 ppm.; Nominal power, 20 volt-amperes A.C. in. high. Modules may be mounted on 
minimum; Contact combinations available, 2, 3, 4, 8 or 12 0.408 in. conters. Snswetion to Dial 
FS-5. Contacts are heat-treated beryl- 
single pole continuous rotation, for shorting or non-shorting lium copper, silver plated. Corner 


. : guide brackets are 18-8 stainless steel. 
steps; Rating, 1 ampere at 115 V.A.C.; Insulation tested Custantn dnite ‘wihe QHED in: diesen 


at 1000 V.R.M.S.; Impregnation to specifications. lead wires of module. Insulation re- 


sistance between contacts, greater than 
50.000 megohms. Jettron Products, Inc., 


Send for complete details! 56 Route 10, Hanover, N. J. 


omar aaa 
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RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 


(Continued on page 224) 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Upgrading a product 


Good « Plenty of distributor caps are 
molded of Durez general-purpose phe- 
nolic. When cost is a prime factor, 
general-purpose does the job and does 
it well. 


Best * However, if you're shooting for 
something extra in a distributor cap (or 
in almost any electrical part), take a 
look at Durez 2271. This is an electrical- 
grade phenolic. A Ya" test disk of it 
withstands 12 kv at 180° F in air for an 
hour or more without puncturing. The 
cost of this extra performance is low 

weighing less than comparable elec- 
trical-grade materials, 227/ gives you 
more pieces per pound 


Good « You'd be right in choosing 
Durez 791 Black for a piece like this 
telephone handset. You'd be able to 
count on low molding cost because of 
791's fast cure. You'd get the required 
physicals in good balance. And the 
price of this wood-flour-filled material 
is low. 


Best « Then why do telephone men 
favor a different material, Durez 17225, 
for handsets? Because this wood-flour- 
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* Something extra in moiding 
compounds 


¢ Fire-retardant structural plastic 


* News notes for designers 


and-flock-filled material provides even 
higher resistance to impact fractures. 
The rich black finish presents an un- 
yielding front to moisture and body 
acids. Bonus: a part that more than 
meets the specs—for fractions of a 
penny per piece. 


We could go on and on giving you case 
histories like these. Have you looked 
into the extras you can build into a 
product—at next-to-invisible cost—with 
Durez molding materials? To get a bet- 
ter idea of what these compounds can 
do for you, send for our illustrated 8- 
page Bulletin D400 listing properties, 
uses, advantages. 


CONSOLITE CONSOLIDATED GENERAL PRODUCT 


Safer skylight 


Here’s a plastic skylight that retards fire. 

It’s made for use in hazardous loca- 
tions or wherever building codes are 
exceptionally strict. 

The material is fibrous-glass-rein- 
forced Hetron®. It will ignite only un- 
der direct hot flame, and snuffs out as 
soon as the flame source is removed. 

Weighing only half a pound per 
square foot, the skylight material will 
support a uniform load of 150 pounds 
per square foot. It is thermally stable 
from —65° to 200°F, and has great 


For more information on Durez materials mentioned above, check here: 
Phenolic molding compounds (8-page Bulletin D400). 
Hetron fire-retardant polyester resin (data file). 
Durez Plastics News (mailed bimonthly). 


Check, clip, and mail to us with your name, title, company address. 
(When requesting samples, please use business letterhead.) 


DUREZ p.iastics Division 


1308 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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On keeping abreast 


How can a man keep up with all 
that’s new in thermosetting plastics? 

Well, it isn’t easy. But we can 
help. We mail out every 60 days a 
bulletin, Durez Plastics News. You 
can read it in 10 minutes. It gives 
a bird's-eye view of what's new in 
the use of Durez plastics. Every 
item is news—hot off the presses of 
leading molders the country over, 
whom we visit regularly. 

To get this bimonthly packet of 
ideas and information, just check 
the coupon. 


strength and shatter resistance even at 
subzero temperatures. 

Its thermal conductivity is only “% 
that of glass, yet it can transmit 4% as 
much light as glass without glare. It 
delivers greater insulating effect than 
other skylight materials, at lower cost. 

Could any of these attributes help 
you design a better product? Hetron® 
is hard at work already in radomes, 
chemical ducts, blowers, boat hulls, 
housings, fume hoods, window panels, 
canopies. Data on self-extinguishing 
Hetron resins is yours for the asking. 


= HOOKER 
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OVIST 


tom iil 
electrical — 
electronic 
industry 


*ALLOYIST—Our own almost-Websterial word, meaning: a single 
reliable source for strip, rod, wire and flat wire to serve your every need. 


*ALLOYIST—A single, reliable source for nickel, nickel silver, cupro 
nickel, stainless steel, phosphor bronze, Monel** and Inconel**. 


*ALLOYIST—A supplier of metals whose manufacturing processes 
are often exclusive, and always the most advanced, to insure total 
product superiority. 


Put the Alloyist cn your Design Staff, Purchasing Staff and Produc- 
tion Staff. We know of only one fully qualified Alloyist . . . Riverside- 
Alloy Metal. Write today for complete information. Riverside-Alloy 
Metal Division, H. K. Porter Company, Inc., Riverside, N.J. 


** Trademark of the International Nickel Co., Inc. 


RIVERSIDE-ALLOY METAL DIVISION 





H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools forgings and 
pipe fittings, roll formings and stampings, wire rope and strand 
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RECTIFIER BRIDGE- 
CIRCUIT BOARDS 


Diode boards requiring four solder con- 
nections for a full-wave bridge circuit 
permit snapping diode leads into clips. 
Boards accommodate diode having 
leads ranging from 22 to 18 AWG 





wire. Plus and minus marks are 
stamped into board. Material is “% 
in. thick canvas-base phenolic, Grade 
CD. Model DB-1 1% in. square, with 
distance between clips of *,4 in. Model 
DB-2 is 1'M%e in. square, with %. 
in. distance between clips. Clips are 
beryllium copper, heat-treated and 
cadmium plated. Minarik Electric Co.. 
224 E. Third St., Los Angeles 13, Calif 

Circle 536 on postcard at end of book 


ORIENTED BARIUM- 
FERRITE MAGNETS 


F-500, an anisotropic permanent ceram 
ic magnetic material, has an energy 
product exceeding 3.0 « 10° gauss- 
oersteds, remanence of 3900 gauss, 
and coercivity of 1900 oersteds. Rings, 
disks and blocks from 0.3 to 1 in. in 
thickness and up to 50 sq in. in area 
are custom molded and may be sup 
plied magnetized or not magnetized 
D. M. Steward Manufacturing Co 
3660 Jerome Ave., Chattanooga, Tenn 
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STAINLESS STEEL 
ZIPPER TUBING 


Zipper tubing shields wires and cables 
against abrasive forces that would cut 
other materials. Stainless steel zipper 
tubing offered in solid sheet or strip 
form which is made into tubing on 
the job without use of special dies, 
guides, rollers or other equipment 

(Continued on page 226) 
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New 


00 


IS MAJOR ADVANCE IN 


FLANGE 


The new Ledex Digimotor is a step- 
ping motor or indexing device with 
exceptionally high reliability and 
torque-to-size ratio. Its new design 
concept gives it features never before 
available. Size 5 stock models come 
in a variety of shaft positions and in 
any duty cycle within a wide operat- 
ing voltage range. It is jam proof, 
permanently lubricated, has mag- 
netic anti-overcoast, and operates at 
“whisper” noise level 

New Ledex Digimotor Switches are 
rotary selector switches with all ad- 
vantages of the Digimotor drive plus 
other special features 
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Ledex Digimotor, 


© 


8 position 24 position 


Ledex, Inc, was formerly G. H, Leland, inc, 
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STEPPING MOTOR FIELD 


1/15 sec 1/25 sec 


Other Ledex products include Ro- 
tary Solenoid, Rotary Solenoid 
Selector Switch, Hermetically Sealed 
Selector Switch, and Syncramental 
Stepping Motor. Mechanical appli- 
cations include actuation of valves, 
vanes, printers, shafts. Switching ap- 
plications include circuit selecting, 
stepping, counting, programming and 
sequencing. Write for literature, 
mentioning application, to Ledex, 
Inc. (formerly G. H. Leland, Inc.), 
Dayton 2, Ohio; Marsland Engineer- 
ing, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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NEW INSULATION DISCOVERY 


SHRINKS wit HEAT! 


SUPS ON 
LOOSE... 





Cover... protect... insulate in minutes with 


SCOTCH TITE 


HEAT REACTIVE TUBING 


Now you can add a tough, smooth, seamless vinyl coat to wires, 
rods, tubes, even odd shapes with “Scorcutite” Heat Reactive 
Tubing. Just slip “Scotcutite” Tubing over object to be covered 
—apply heat—and almost immediately the tubing contracts to 
form a skin-tight insulating cover. Harness cables, ground straps, 
bus bars, high voltage leads, and tool handles are just a few of the 
many possible applications. Available in sizes ranging from 3/64 
up to 5% inch diameter. 

What can you do with “Scorcutire”? Send for free sample and 
complete information. Write Irvington Division, 3M Company. 
900 Bush Avenue, St. Paul 6, Minnesota, Dept. EBK-80 


SCOTCH ITITE’’ +S & @EGISTERED TeaOemaen OF bm st. we +. 
EXPORT: OF PARE AVE. HE@ YORK 16. CANADA mOOR, OWTA® 


Mienesora MMitaine ano \fanuracruaine company 
~~ + WHERE RESEARCH IS THE KEY TO TOMORROW 
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INU ECT e ey) Stars 


* Strength in thin sections * Dimensional 
stability + Secure flanges (one solid molding) * Resistance 
to impact © Resistance to action of many common chemicals 


* Rated for use up to 250 F Good dielectric strength 


New catalog and samples on request. 


SALES DIVISION OFFICES 
Arizona, California, Colorede, Connecticut, Illinois, Massachusetts, Michigen, 
Minnesota, Missouri, New Jersey, Ohie, Oregon, Utoh, Weshingten & Canede 


unynener  - 
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Only one operator is required to in 
stall. Zippertubing Co., 752 So. San 
Pedro St., Los Angeles, Calif. 

Circle 538 on postcard at end of book 


THREE-PIN TRANSISTOR 
HOLDERS 
TFE-fluorocarbon-insulated holders for 
transistors have been developed and are 
designated TC-300. Holders embody 





“press-fit” technique for chassis in- 
sertions. Available in the nine EIA 
colors plus white. Sealectro Corp., 139 
Hoyt St., Mamaroneck, N. Y. 
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INSTRUMENT WIRE 


Stranded ssilver-plated-copper conduc- 
tors from 28 AWG (7/36 stranding) 
down to 36 AWG (7/44 stranding) 
with l-mil to 6-mil TFE-fluorocarbon 
insulation. Solid  silver-plated-copper 
conductors from 20 AWG to 36 AWG 
are also available with the insulation 
Wire is rated 300 volts from 90 to 
t.250 C and is available in 12 colors 
lensolite Insulated Wire Co., Inc., 1000 
No. Division St.. Peekskill, N.Y 
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CHASSIS-MOUNTING SLIDES 


Self-aligning slides automatically ad 
just to fit misaligned chassis and cabi 
nets. “Flat groove” on slide eliminates 
need to shim. Self-aligning slides meet 
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TRAPPED BY A GRIP THAT WON'T LET GO! 


See how Tinnerman “pinch-grips” hold 
front-mounting attachments; no special equipment needed 


Typical of Tinnerman new approaches to old 
problems are “pinch-grip” Speep CLips— 
permitting front-of-panel applications in a 
second’s time. Speep C.IPs are simply inserted 
into mounting holes and a plier’s pinch gives 
permanent retention. 


Speep CLips can increase production rates, 
eliminate rejects, cut assembly costs as much 
as 50%. Many different features may be incor- 
porated in the Speep Cup design to fasten 
cables, wire harness, rubber feet, mouldings, 
and for scores of other assemblies. 


You may have a fastening problem that can 
be solved—or a product which can be improved 


—by this Sperp Cu I!P principle. Your Tinnerman 
specialist (see the Yellow Pages) can furnish 
samples and help you in many ways. Or write: 


TIN N ERMAN PRODUCTS, ituc. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


Speed Nias’ 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners (td, Ramilten, Ontario. GREAT BRITAIN Simmonds Aerecessories Ltd. Treforest, Wales. FRANCE: Simmonds $A. 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY Mecane-Bundy Gmbll, Heidelberg. 
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military specifications for material and 
finish. Load rating same as for regular 
Grant slides. Grant Pulley & Hardware 
Corp., High St., West Nyack, N. Y. 
Circle 541 on postcard at end of book 





| TRANSFORMER 
LAMINATIONS 


“Flexicore” laminations, used in man- 
ufacturer’s transformers, allow mag- 
netic lines of force to flow continually 
with grain of steel. Layers of lamina- 


RAH HR its WE 
TMNT AY " 


tions are completely interleaved. Nest- 





ed laminations are used to produce 
transformers with lighter cores, but 


SAMES Electrostatic Generators, producing substantial amounts of output power same ratings as units with standard 
at voltages up to 600 kv, are the first such generators ever designed for day-to-day “E” and “I” shaped laminations. Trans- 
industrial use. They’re marketed in the U.S. exclusively by Sorensen. formers available in various types and 

Output voltage is very nearly pure d-c, marked by the almost complete absence sizes. At left of illustration is one of 


four nests of laminations used in trans- 


of ripple or other a-c components. Voltage regulation ranges from 4% to 0.33% , 
former at right. Sylvania Electric 


for medium stability models and from 0.1% to 0.001% for high stability models. e Ag 

You'll find these advanced high-voltage d-c sources described in the new 6-page oe a FEE Se Gy Fee 
SAMES brochure. A new 32-page Sorensen catalog is also available which lists “Cincle 542 on postcard at end of book 
more than 400 models of high-precision power supply equipment and gives valu- 
able selection and application data. Write for your copies today. Sorensen & Com- BRAZING ALLOYS 


pany, Richards Avenue, South Norwalk, Conn. os 
Vacuum-melted brazing alloy is now 


commercially available. Applications 
include brazing of type 321, 347 and 
other stainless steels as well as the 
super alloys such as Rene 41. Three 


* 18 models available | types of alloys are offered. One type, 
* Voltages up to 600,000 voits wide-gap series alloy, is capable of 
bridging joint clearances up to ‘iv 


* Substantially pure d-c output 


in. Other two types are general-pur- 


* Powers to 2.4 kw pose and honeycomb brazing alloys. 

* Outstanding safety: Metallurgical Products Dept., General 
Electric Co., Detroit 32, Mich. 

Low output capacitance Circle 543 on postcard at end of book 


Low overload current 
RELAY SOCKET 


Microminiature relay socket assemblies 
are designed for use with relays con- 
forming to MIL-R-5757, MIL-R-6106 
and MIL-R-25018, and feature solder 
|} cup or printed-circuit pin contacts. 
| Unit has holding clips of beryllium 
copper or annealed carbon steel. Socket 


Wide selection of insulation, diallyl phthalate or mela- 
floor-mounted models — to 600 kv. 









CONTROLLED 
POWER 
PRODUCTS 


S 


A SUBSIDIARY OF RAYTHEON COMPANY 


... THE WIDEST LINE MEANS THE WISEST CHOICE 
See us at Booths 509-510 at the WESCON Show 
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ELECTRICAL 
PORCELAIN 


Produced to meet your 


individual requirements 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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where lack of space 
is the problem 


Try this for size 


For guided missiles, 
airborne equipment, 
portable and mobile 
ground equipment 


Miniature Ceramic 
Switch... Series M 


Single pole style has 18 shorting type contact positions. 
2 or 3 pole types may also be obtained. Additional 
decks may be added. Flash-over voltage at 60 cycles 
is 1000 volts peak ... current carrying capacity 
is 2 amperes. 

* Coin silver contacts, rotors, slip rings 

* Silicone impregnated ceramic parts 

* Sturdy solder terminals 


Cdn Crdang for further information 
c 
“DAVEN= 


Livingston, New Jersey 
WORLD'S LARGEST MANUFACTURER OF ATTENUATORS 
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Whenever you need sub-fractional horsepower... 


check Alliance first. Alliance is the “giant” in miniature 
motors offering a wide choice of stock and custom 
models, faster service, more for your money. Used in leading 
makes of appliances, phonographs, business mae 
arimated displays and other products. Pictured are three 
of the basic Alliance models with typical specifications 
below. All can be customized to your own specifications. 
Starting 
ae 
Voltage oz./in. Py eit) RPM So as 
ah LY rt 1B) 2500 Lay: 
117 225 Oe vee 12-14% 2302 
Re i) ORT] 29 2900 rer 


Write for complete catalog and price quotations 


THE ALLIANCE MANUFACTURING CO. 


os Sie 


Circle 251 on Inquiry Card 





Twne ER (1, Waser 





for LIQUID-TIGHT 
Wiring Enclosures... 


It pays to figure on 


KEYSTONE 


Keystone offers a complete line of liquid-tight, J.1.C. and Nema 
wiring enclosures designed to give positive, sealed protection against 
dust, dirt, oil, water and coolants! All wireways, fittings, troughs, 
boxes and cabinets are produced toJ.I.C.and Nema specifications — and 
all are available in a wide range of sizes to meet your exact requirements. 


KEYSTONE MANUFACTURING CO. 


Division of Ais INDUSTRIAL CORPORATION 


233344 Sherwood Avenue . Werren, Michigan 
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mine. Variety of mounting styles with 
& or 10 contacts offered. Augat Bros. 
Inc., 33 Perry Ave., Attleboro, Mass. 
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NON-RESINOUS 
WATER-BASED FLUXES 


Fluxes feature instantly soluble and 


| non-charring residues. “Organo-Fluxes” 
| are available in four grades to pro- 


vide sufficient activity for any job, 
while holding residues to minimum for 
soldering speed required. Typical ap- 
plications include transistors, diodes, 
ceramic parts, magnets, terminal 
boards, connectors. London Chemical 
Co.. Inc.. 1535 No 31 Ave... Melrose 
Park, Il. 

Circle 545 on postcard at end of book 


HOLE DRILLING, 
TAPPING SCREW 


“Tapits” screw eliminates hole punch- 
ing or drilling of light-gage sheet 
metal. Screw drills own hole, forms 
own thread and has integral washer 


x) 
14 
4 
tf 


i) 


with serrated face. Screws are to be 
used with ‘4-in. power screw driver 
with adjustable clutch. All sizes of 
lapits, from No. 6 to 10, have same 
size hex head. Parker-Kalon Div. of 
General American Transportation 
Corp., Clifton, N. J. 
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PRINTED-CIRCUIT 
BOARD FASTENERS 


Complementary pair of miniature float- 
ing anchor nuts, LHA4259_ and 
LHA27M, conforms to requirements of 
MIL-E-19600 for vibration, shock and 
crash safety and to MIL-N-25027 
(ASG) for locking torque. LHA4259 
straddle-mount anchor nut (440 
thread) offers method of fastening 
1/16-in. printed-circuit boards to in- 


(Continued on page 233) 
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Type EB (2 Watt) 
Nomograph 


ews 
predicting 
resistor 

IHC OHESTILRS 


100 
Hours | 365 Doys 


Scole 2 “Scole 4 
Temperature T %o Resistance 
Rise (A to B) Decrease 


Scale 5 
Temperature ot (A) 


An Example of Predicting Resistor Performance 


IMustration shows use of nomograph to predict the rate of resistance change with life for standard 
Allen-Bradley resistors. This example is based on a maximum of 5% resistance change with 70°C 
temperature at points “A” (see drawing below) when operated at 


———---- 50% LOAD 


100% LOAD 
150% LOAD 


4 
Lz —{__} —art 
RESISTOR TEST HEAT SINK HEAT SINK 


CONDITIO 
NDITIONS ee ad IE ara. 


Allen-Bradley’s exclusive hot mold- And Allen-Bradley has been conserva- 
A-B HOT MOLDED 


COMPOSITION 
RESISTORS 


ing process produces resistors with tive in projecting test data. Inas- 
such uniform characteristics that much as catastrophic failure has yet 
their performance can be predicted to occur, the design engineer can de- 
with a high degree of certainty. Test velop circuitry with predictable —- 
data produced in the last 20 years not performance. 

only in the Allen-Bradley environmen- WRITE TODAY—Power nomo- _ Type £8 % watt 


° . . ‘ wee 
tal laboratories but also in independ- graphs for standard Allen-Bradley ——_{, 
: o4s : . Type GB 1 watt - 


ent laboratories have been carefully composition resistors are published 
compared and analyzed and have in Technical Bulletin 5000E. You'll = an 
served as a basis for developing the find this information of genuine help Type H8 2 watts ~ 


above power nomographs. and value to you. ACTUAL SIZE 


ALLEN-BRADLEY = ftecrrome 


Allen-Bradley Co Greenfield Ave., Milwaukee 4, Wis COMPONENTS 


In Canada: Allen pl idjey Canada Ltd., Galt, Ont 


Type CB '% watt 





Circuit reliability is determined 
by the quality of the components 
and the understanding with which 
they are applied. A-B hot molded 
resistors are universally recog- 
nized for their quality and reli- 
ability. Here are 17 facts that 
will assist you with your design 
and development work. 


Resistance changes due to 
humidity are temporary, 
- but Allen-Bradley resistors 
can be returned to their 
J original value by proper 
conditioning or “loading.” 


C Resistance changes due to 
] increase in moisture con- 
» tent are always positive. 


Resistance change due to 
74 humidity varies with the 
YJ resistance value and is less 
in the lower values. 


Resistance change which 
has occurred due to humid- 
/ | ity may be returned to the 
= original value by condi- 
tioning the resistor at 
100°C for 48 hours. 


Resistors operating at 1/10 
rated wattage load are 


about 


ALLEN-BRADLEY 
Hot Molded Composition 


RESISTORS 


to assist you in the design of 


Hermetically sealed resis- 
tors do not change because 
of humidity. 


Resistance change due to 
“load life’’ is permanent 
and ultimately negative. 


Resistance change due to 
“load life’’ can be mini- 
mized—on the order of 
1% to 2% in many thou- 
sands of hours of service 
by derating the resistor ap- 


proximately 50°; 


This same result can be 
attained by limiting the 
maximum operating sur- 
face temperature of the re- 
sistor under load to 100°C. 


Resistance change due to 
soldering is positive; but 
if the resistor is dry, it 
will return to its original 
value in a matter of hours. 


The temperature character- 
istic of the Allen-Bradley 
resistor is positive above 
and below room tempera- 
tures between -+-10°C and 
+80°C ambient. 


The temperature character- 
istic of the Allen-Bradley 


more stable, more reliable circuits 


The voltage character- 
istic of the Allen-Bradley 
resistor is negative. It is 
less at elevated tempera- 
tures than at room am- 
bient (+10°C to +80°C). 


The voltage character- 
istic is leas in low-value 
resistors than in high- 
value units—it is linear. 


The voltage character- 
istic and the temperature 
characteristic tend to 
cancel one another in an 
Allen-Bradley resistor 
under average operating 
conditions where both 
voltage and temperature 
are present. 


The “‘heat sink”’ to which 
a resistor is connected 
affects its rating. Resis- 
tors operated in parallel 
should be derated unless 
an adequate “‘heat sink’”’ 
is provided. 


The quality and reli- 
ability of Allen-Bradley 
resistors are exactly the 
same regardless of the 


>) hardly —if at all—affected resistor is negligible from 
by humidity. 10°C to +-80°C ambient. 


ALLEN-BRADLEY 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. ¢ In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


‘‘tolerances”’ for which 
the resistor is listed. 


Quality 
Electronic Components 





terior walls and brackets of electroni 
units. Right-angle floating anchor nut 
LHA27M (thread size 4-40 or 6-32) is 
uggested for attachment of ‘cover 
plates on electronic modules. Elasti 
Stop Nut Corp. of America, 2330 Vaux 
hall Rd., Union, N. J 
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MINIATURE 
INSULATED SCREWS 


“Sleev-Scru’s” consist of metal fasten 
er, the shank of which is insulated 
with Mylar polyester film. OD of in- 
sulation is no greater than that of 
crew thread Electric tr rath ip to 
10,000 volts. Standard sizes start at 
No. 1. Lengths made to requirements. 
Heads are Phillips or slotted. Pylon 
Co., Inc., 200 No. Main St., Attleboro, 
Mase 
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NYLON FASTENERS 


All-nvlon fasteners in any color are 
made to American Thread Standards 
for Unified Threads. Available from 


a 


stock or designed to meet special re 
quirements. Plastics Div., Anti-Corro 
sive Metal Products Co., Inc., Castle 
ton-on-Hudson, N. Y 
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SWITCH-SEALING BOOTS 


High-pressure “Hexseals,” for toys 


gale 
switches, pushbuttons and _ rotating 
hafts which pass through panels and 
housings, are silicone-rubber bonded 
chemically and mechanically to a lock 
nut They meet MIL-B-005423A and 
MIL-B-19257 and have operating tem 
perature range of 160 to 00 F 


loggle-switch boots available in three 


models in a range of thread sizes 
Pushbutton boots are furnished in four 


models. Rotary shaft seals can be sup 
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NEW SIZE 8 SERVOMOTOR 
RESPONDS 3-TIMES FASTER 
These fast response Size 8's have a 
whopping acceleration of 86,500 rad/ 
sec?...and feature torque at stall of 
0.22 oz. in., rotor inertia, 0.18 gm. cm.2. 
That's at least three times faster 
than any other Size 8's available. 

The entire seckxman® Size 8 line is 
available in standard models for 26- 
volt or 115-volt sources — Servo- 
motors, Inertia-Damps, Velocity 
Damps, or Servomotor Rate-Gener- 
ators (special models available for 
other voltages). For the servosys- 
tems man working with 115-volt 
reference supplies, this can mean 
an end to accessory gear that so 
often compounds reliability and cost 
problems 

At the Breadboard stage? Several 
BECKMAN Size 8 and Size 11 Servo- 
motors are available from stock for 
immediate delivery in prototype 
quantities. Check with your Helipot 
rep, write us for the list of stock 
Servomotors and for the Size 8 and 
11 Catalog. 


Beckman’ / 
pas ey Helipot 


POTS : MOTORS: METERS “9 


Helipot Division of eG 
Beckman Instruments, Inc. % YEARS 


‘ oS 


Fullerton, California Is ge” 


O 1960 8.15. er0de | 


ll 
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FOR PRECISE c 
400-CYCLE POWER & .@ 


Specify Kearfott plied for shafts up to 4% in. OD. Metal 
Motor Generator Set Systems Process Co., 1801 First Ave., New York 


28. 
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COLOR-CODING TAPE 


Extreme temperature, pressure-sen- 
sitive tapes can be ordered in ten 
colors designed in accordance with 
NEMA standards. “Temp-R-Tape” is 
0.006 in. thick, has applicable tem- 
perature range from —100 to -+-400 F. 
Widths range from 14 to 2 in. and also 
12-in. widths. Connecticut Hard Rub- 
ber Co., 407 East St... New Haven 9, 
Conn. 

Circle 551 on postcard at end of book 


TERMINAL-BLOCK COVER 


Rubber covers for terminal blocks are 

| available in neoprene, Buna-N, or sili- 
Kearfott 60-to-400 cycle motor generator : | cate rubber, and are produced in three 
frequency converters are in active use | basic forms. One type is a flexible cas- 
wherever precise 400-cycle power must be | ing (with wall between each terminal 
supplied . . . including laboratories and in 
such other representative applications as 
production testing, high speed tool opera- 
tion and ground support. These generator 
systems, which consist of a 60 cycle syn- 
chronous motor and a 400 cycle generator, 
can be supplied with controls and generator 
as an integral, compact unit—or with con- a ~~ 
trols and generator separately located. ‘ XY 

\ 


PERFORMANCE SPECIFICATIONS pole); outer wall is slit to allow wires 
Frequency: 400 cycles under any rated load condition with 60 cycle input. to enter. Second type is for barrier 


Voltage Regulation: Within +1% of rated voltage when (1) load varies strips; each connecting wire is sepa 
between no-load and 125% of rated load, and/or (2) load power rated by dividing wall. Third type is 
factor varies between 0.8 lagging and unity, and/or (3) equipment | thimble terminal cap, designed to fit 


temperature varies after approximately 10 minutes’ operation. over individual terminal pole; opening 


Voltage Recovery: When rated load is suddenly applied or removed, voltage at either side is molded into curved. 
will return to and remain within regulating band within 0.25 seconds. | protruding shield. TA Mfg. Corp., 4607 


Voltage Adjustment: Continuously adjustable to + 10% of rated value. | Alger St., Los Angeles 39 
Deviation Factor: Maximum 4% between no load and full load. Circle 552 on postcard at end of book 
Overload: Equipment delivers 125% of rated load for 2 hours. HIGH-TORQUE 


Amplitude Modulation: Maximum 1% of peak-to-peak voltage at any load INSTRUMENT MOTOR 
between no load and full load, at any power factor between 0.8 age y 
enchant andl Gulp. RBC-2410 low-inertia instrument motor 


alice oe 
Frequency Modulation: Maximum 0.5% at any load from no load to 125% provides the high starting and running 
of rated load. | torques, coupled with low cost when 


| de-energized, that are required in re- 
pas ~~ mote positioning and control applica- 
y ~ KEARFOTT DIVISION tions. Available with gear reduction 

fim. from 4:1 to 1800:1. Total space re- 


GENERAL PRECISION INC. quired by motor and gear case, less 


LITTLE FALLS, NEW JERSEY | output shaft, 44% x 4% x 4% in. 

Typical ratings, 750 oz-in. minimum 

Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. starting torque and 350 oz-in. running 
Midwest Office: 23 W. Calendar Ave., La Grange, III. torque at 6 m and 50 ; ° 

South Central Office: 6211 Denton Drive, Datias, Texas — .: d oV per cent inter- 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. mittent duty. Holtzer-Cabot Motor Div., 
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SILICONE RUBBER 
COIL WRAPPINGS 






INSULATING 
COMPOUNDS 
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Whatever the job... PEeRMAcet 


NEW BRUNSWICK, NEW JERSEY + TAPES + ELECTRICAL INSULATING MATERIALS: ADHESIVES 


‘ 


li time th 


.no moving parts! 


LOWEST PRICE...SMALLEST 


Proximity Switch 
OBTAINABLE! 


Actuated by NON-MAGNETIC and ‘8 400 
MAGNETIC metals to solve electrical 
switching problems 


users net includes 


Control amplifier 
Now Electro offers you a low 4902 


cost proximity switch incorporating the Sensing head 
basic patented circuit used successfully in 4910-BL 
industrial plants for more than 5 years. Connecting cable 


Write for new detailed Bulletin EDPS-80! 
ELECTRO PRODUCTS LABORATORIES, 4501-M Ravenswood, Chicago 40, Iii 


Conada: Atlas instrument, Ltd., Toronto 


Most complete line of Proximity Switches 
ond Magnetic Transducers - Tachometers - DC Power Supplies 


Circle 257 on Inquiry Cord 


The accuracy, uniformity and toughness 


é ® * 
E of Wisconsin Porcelain Co.'s ceramics 
ee gives you a closer fit, speeds assembling 


and reduces production costs. These ad- 
vantages make Wisconsin ceratnics 
made especially suited to automatic and semi- 

4 automatic assembly processes. 
; s And their superior physical character- 
E eramics istics give you best results for permanent 
E electrical insulation. 


If your components call for porcelain, 
—that help refractory, steatite or filter body parts — 
send us a sample or blueprint and tell us 


to simplify your requirements. We will be glad to 


quote prices and delivery. 


your Serving Electrical and El 


Industries since 1919 


Production WISCONSIN 
Problems PORCELAIN COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 
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National Pneumatic Co., Ine., 125 
Amory St., Boston 19, Mass 


Circle 553 on postcard at end of book 


VARIABLE-SPEED 
SYNCHRONOUS MOTOR 


Hyspersyn motor is designed to drive 
a spindle in an automated machine 
tool There ire two identi al counter- 
rotating motors in housing. One is 


connected to 60-cps line; other to vari 
able-frequency power supply. If vari 
able frequency is 60 cps, output shaft 
is stationary and opposes rotation with 
full torque. An increase or decrease of 
variable frequency begins to turn shaft 
forward or reverse. Motors can be built 
from Yo to 1 hp. Bekey Electric Div 
Genisco, Inc., 2233 Federal Ave., Los 
Angeles 64, Calif. 

Circle 554 on postcard at end of book 


SYNCHRONOUS MOTOR 


Slo-Syn synchronous motor SS50 is a 
permanent-magnet a-c motor suited for 
a range of applications requiring 72 
rpm synchronous speed and/or d- 
stepping. Torque, 50 oz.-in. Useful for 
instruments, computers, actuating se 
lector switches, tape handling and 
process timing. Input 120 volts, 4°-,, 


ELECTRICAL MANUFACTURING 





Sey Serre, NEY VEMoEY se TAPS rt SLEW RICAL INSYVLATING MATERIALS ¢e ADHESIVES 


Some Ideas 


Papers, in their special way, are as differ- 
ent as people . and choosing the best 
paper for a specific job can be as difficult 
as choosing the best person for the job 
Here at K&E, we try to do the work for 
you, by painstakingly determining pre 
cisely the characteristics required, then 
refining them to the point of excellence 
Here are some good examples 


A New Type Of Typing Paper 
Translucent typewriter papers are very 
popular of late for typed originals from 
which numerous copies must be made. The 
savings are considerable when you use 
translucent originals through diazo repro 
duction—savings up to 80% in many cases 
But most translucent papers used today 
stand erasure very poorly. Recognizing 
the inevitability of human error, K&E has 
perfected a better translucent typewriter 
paper called TYPEMASTER® (193)—the 
perfect answer for those whose typing is 
less than perfect. TYPEMASTER’'s com 
pletely new, engineered surface affords 
outstanding erasability. A thin, unusually 
tough coating, it readily catches and holds 
the typewritten image, yet resists penctra- 
tion of the ink into the paper fibers and 
therein lies the secret of good erasability 
A number of skeptics who tested the new 
TrYPEMASTER sheets have now dis- 
carded all others. Skeptical or not — may 
we suggest you try it 


Tracing Pads “To Travel" 
Brilliant ideas often occur at random mo- 
ments. For that reason, engineers on the 
move usually keep a tracing pad handy 
But pads with soft, chipboard backing are 
of little use without a desk under them 
That's why all K&E tracing pads are 
backed with sturdy bookbinder's board 
the same tough board found in any high- 


priced, permanently-bound library volume 
Wherever you are you're assured desk-firm 
support with a K&E pad. Another plus — 
the sheets are bound in by a gummed edge 
for neat and easy removal. Available in a 
wide variety of grid patterns and sizes, 
with plain or imprinted sheets (standard 
headings), K&E book-bound, gummed- 
edge tracing pads are perfect workmates 
for the “portable” professional. 

The Most Pampered Natural Paper 

in America 

For the greatest transparency, the over- 
whelming choice is KRE ALBANENE® 
prepared tracing paper. But for ability to 
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for your file of practical information on 
drafting and reproduction... from 


L__—_——— —~—-~ KBEUFFEL & ESSER COo.-——-—-——-—-—-—-4 


stand a lot of abuse on the drawing board 
and in subsequent processing and handling 

many companies prefer to sacrifice some 
transparency and use a natural tracing 
paper. Here we recommend a truly re- 
markable K&E product-BANKNOTE*™ 
(174L). This thin, flexible, 100% rag trac- 
ing paper will weather a double share of 
abuse. You can actually crumple a sheet of 
K&E BANKNOTE up into a tight ball 
then smooth it out to find it almost as 
good as new for reproduction purposes! 
The paper makers who produce BANK- 
NOTE for K&E proudly refer to it as 
America’s most pampered tracing paper 
No other paper we know receives the same 
care and attention from initial inspec 
tion of the textile bales, through every 
step of processing, to final shipment. With 
K&E BANKNOTE, papermaking skills 
come into play as with no other paper 
made on this side of the Atlantic — from 
use of a paper machine that runs a “top 
jacket” (one of the few still employed). 
through the artful “wet packing” process. 
to careful air-drying, super calendering. 
and rewinding. The result is a sheet of un- 
surpassed mellowness, yet with unusual 
stamina and workability 

Now Vou Can “Taik" in Triplicate 
Although low-priced canary tissue enjoys 
wide usage as a so-called “talking paper”, 
we've heard many complaints about its 
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K&E BANKNOTE Tracing Paper 


Name & Title 


Company & Address 
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KEUFFEL & ESSER CO., Dept. EM-8, Hoboken, N. J. 
Please send me samples and further information on the following: 
K&E TYPEMASTER Translucent Typewriter Paper 


)} K&E LIGHTWEIGHT SKETCHING TISSUE 


inability to reproduce well in standard 
copying machines. With this in mind, we 
present K&E’s newest LIGHTWEIGHT 
SKETCHING TISSUE (185) — designed 
specifically as a reproducible “talking 
paper.” This tissue is ideal for preliminary 
sketching when you want sharp reproduc- 
tions from a standard diazo, blueprint or 
office copying machines. It’s a_ pure 
bleached sulphate with just enough yellow 
tint added to afford good contrast for pen- 


cil, charcoal or crayon. You'll find K&E 
LIGHTWEIGHT SKETCHING TISSUE 
well worth any small price difference. 
You can test this quartet of fine papers 
at your local K&E dealer's .. . or use the 
coupon below to get samples for private 
perusal. Do it today . . . there’s a world 
of better work at stake. 


1S3eR 


1 am ae aw eames esanana 
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“DIAMOND H” 


Switches 


and Thermostats 


g 


ROTARY SWITCHES 


Compact, but with big capacities, Series 
390 bases measure only 14%” x 1%” x 
%”. Ratings to 25 A at 120/240 V, and 
%, % and | HP at 120 V, 2 HP at 240 
V, AC. Single or double pole, 2 to 12 
positions with stops as required. Spin- 
dies may be extended to permit ganging 
of mechanical or electrical controls. 
Spade terminals for easy wiring. (Series 
240 switches similar but with screw 
terminals.) For Toggle Switches, ask 
about Series 1400s. Ratings to 25 A and 
2 HP, with screw, solder or spade ter- 
minals available. 


SNAP-INS 


An original “Diamond H”™ develop- 
ment, “Snap-Ins” mount instantly, are 
held firmly in place by spring clips. 
Single-pole and double-pole (single 
throw) toggle and momentary contact 
switches rated 15 and 20A, 125V; 10A, 
250 V, AC. Also horsepower ratings. 
Other “Snap-Ins” include pilot lights, 
convenience outlets and interconnect- 
ing load plugs. All in your choice of 
colors. 


THERMOSTATS 


Ratings to 25 A, 125-250 V, AC. Accu- 
rate calibration, consistent, low-differ- 
ential and positive, over-the-center, 
snap action. Spade terminals standard 
with special screw terminal adapters 
available. Spindles and mountings as 
required. 


“Diamond H”™ engineers will be happy 
to work with you to develop special 
variations of these or other “Diamond 
H” controls to meet your specific re- 
quirements. Ask for a free copy of the 
“Diamond H” Check List of Reliable 
Controls. 


eps, 1 phase, 0.30 amp maximum cur- 
rent (at 60 cycles); Class B insula- 
tion, Standard types available with gear 
reduction assemblies providing 16.6, 
3.3, 0.67, 0.133 or 0.027 rpm. Superior 
Electric Co., Dept. SS, Bristol, Conn. 

Circle 555 on postcard at end of book 


ANGULAR-MOTION 
TRANSDUCER 


Metrisite transducer 34A, for opera- 
tion at 60 cps, converts to voltage angu- 
lar motions up to + 4) degrees with 
linearity better than 0.25 per cent. 
Armature reactive force is 9 mg-cm/- 


deg, approx. S« ale factor, 0.57 volts 
rms/deg. Null voltage, less than 0.1 
volt. Transducer measures 3 x 25% 
x 1% in. Weight, 20 oz. Electrical 
output is directly proportional to arma- 
ture movement. Brush Instruments Div., 
Clevite Corp., 37th and Perkins, Cleve- 
land 14, Ohio 


Circle 556 on posctard at end of book 


MOTORIZED SPEED REDUCER 


MW109 Ratiomotor is a worm-geared, 
horizontal parallel-drive model power- 
ed by specially designed ‘0 hp or 


0.035 hp motor. Output speeds from 
1.9 to 70 rpm can be provided. Boston 
Gear Works, Quincy 71, Mass. 

Circle 557 on postcard at end of book 


THE 
RING SYNCHRONOUS-MOTOR 
HART eo recy CLUTCH AND BRAKE 
Comme Electrically actuated clutch and brake 
211 Bartholomew Ave., Hartford, Conn. will start output shaft of 40 and 80 


in.-oz motors in 10 millisee or less and 
Phone Jackson 5-3491 stop a 1 rpm shaft within 0.1 deg. 


Brake will hold maximum load from 


Circle 260 on Inquiry Card ELECTRICAL MANUFACTURING 
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Synthane 


Circle 259 on Inquiry Cord 


makes and fabricates- 


laminated plastics 


237 


Large, small or in between...we make it 


Size is no problem in our fabrication 
of Synthane laminated plastics. 
Whether the part fits into your palm 
or onto the head of a pin, or towers 
over you, we believe we can handle it. 

Why? Because we make the ma- 
terial and can control it to suit the 


job. Our variety of machines and 


You furnish the print 


tools, many of them special, permit 
the widest freedom in the choice of a 
skilled 
people have rolled up over 30 years of 


machining approach. Our 


experience in doing the difficult and 
impossible. So, large, small or me- 
dium in size, let us take the production 
worries of your part off your mind. 


we'll furnish the part 


Circle 261 on Inquiry Cord 


Call your Synthane representative 
for a quotation or write Synthane 


‘ Corp., 17 River Road, Oaks, Pa. 


CORPORATION OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Moided-laminated « Moided-macerated 
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THERMISTORS 





Suse 400" VF eye, Sere 


VENI. 
TUR 
Niles 


name 


aL 


all others 


PTT) 


VARISTORS 


VECO is first in the minds of most 
engineers whenever—and wherever— 
thermistors and varistors are needed 
vee because VECO can always be 
relied upon for engineering know-how, 
quality, and fast reliable service as well 
as rigid quality control. 





Manufactured to MIL-Q-5923 and 
other applicable MIL standards. 


VECO giass enclosed thermistors are 
not adversely affected by radiation. 


VECO, a leader in solid state elec- 
tronics, also manufactures a variety of 
electronic controls, gas analysis cells, 
electronic and thermal instruments, 
medical and biological instrumentation, 
experimentors and circuit design kits 
and temperature sensing devices. 


© Write for free VECO 
Technical Catalog 


— with data on more 
oO~ than650 VECO 


4 stock items. 
| Visit Booth 948 WESCON SHOW 


Avg. 23-26 Los Angeles 
Memoria! Sports Arenc 


\°\' 


MW Victory 


109 Springfield Road, Union, N. J. 
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MUrdock 8-7150 
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reversing gear train. Engineering tests 
show no appreciable wear on gears or 
braking surfaces after more than three 
million operations. Both motors sup 
plied for 95/130 volts, 60 cps, and re- 
quire 7 watts. Hurst Mfg. Corp., Box 
326, Princeton, Ind. 

Circle 558 on postcard at end of book 


ADJUSTABLE SLIP CLUTCH 


Miniature clutches are adjustable over 
: wide torque range without need for 
removal from a system. Types avail- 
able are ASC-). 


sions 7% x 1 in 


with overall dimen- 
and miniature Type 
ASC-2 with dimensions of % x % 





in. Both are friction clutches used to 
protect components against excessive 
or inertia shock loads. Models meet 
MIL-E 4970 (USAF) requirements and 
withstand 80 to -+-200 deg F and 
shock to 100 g. Technology Instrument 
531 Main St., Acton, Mass. 

Circle 559 on postcard at end of book 


CLUTCH WITH NYLON GEAR 


Miniature clutch Model MC531, 
of nylon and steel alloy, has an ap- 
proximate diameter of one inch. Mini- 


Corp.. 


made 


mum torque rating, 10 oz.-in.; environ 
mental temperature range 60 to +-85 
C. Unit is driven by 1-in. pitch diameter 
nylon bevel gear, designed to permit 
driving several units by a single servo 
motor. The 14-in. bore and threaded slip 


ring make clutch adaptable for driving 





a 
Sa eH 


TELEPHONE 
HANDSET 
CRADLE 





. for positive retention 
in all mobile applications 


There’s no jump, no sway—-when a 
telephone handset is in the firm 
grip of this new handset cradle by 
Stromberg-Carlson 

Retaining clip spring assembly 

+ Peiiied assures posi- 
tive retention 
in any mobile 
application on 
land or sea, or 
in the air. 
Evenextreme- 
ly severe jars, 
jolts and vibrations fail to dislodge 
the handset. 

The cradle is strong and resili- 
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly 

Specifications on request. In At- 
lanta call TRinity 5-7467; Chicago: 
STate 2-4235; Kansas City: HAr- 
rison 1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommuni- 
cation Industrial Sales, 117 Carl- 
son Road, Rochester 3, New York. 





STROMBERG -CARLSON 


GENERAL DYNAMICS 
Ce 
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Handy & Harman 
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Has every form of silver for your electronics applications 


Silver, in many forms and alloys, is a necessity in the elec- 
tronics and electrical industries. To meet this need on a 
high quality level, Handy & Harman manufactures powder, 
flake, paint, paste, sheet, strip, wire, etc., for printed circuits, 
wiring, resistors, condensers, thermistors, contacts, printed 


terminal strips on glass, ceramics, plastic laminates, etc. 


Another “At Your Service” Division of the Handy & Harman 
Silver Supermarket is our Research and Engineering 
Department. Always ready to help you with any problem 
or project you may have involving silver for any application. 


VISIT OUR BOOK DEPARTMENT 

We have five Technical Bulletins giving engineering data 
on the properties and forms of Handy & Harman Silver 
Alloys. We would like you to have any or all of those that 


AL 


particularly interest you. Your request, by number, will re- 
ceive prompt attention. 


PU GEE voddecascuncdcacacevedtecesene Bulletin A-1 
Silver-Copper AHoys .........2.eseeeeees: Bulletin A-2 
Silver-Magnesium-Nickel ................. Bulletin A-3 
Silver Conductive Coatings ............... Bulletin A-4 
Silver Powder and Flake ................ Bulletin A-5 


Your No.1 Source of Supply and Authority 
on Precious Metal Alloys 


Ci 
HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
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potentiometers. Clutch is available with 


BEN WOULD HAVE LOVED INSUROK® search and Mig. Co, Box 106, Baldwin 
Park, Calif. 


FOR HIS OWN ELECTRICAL Circle 560 on postcard at end of book 
APPARATUS! RIGHT-ANGLE DRIVE 
a 


Drives have torque capacities to 750 
| in.-lb and floating shafts on both input 
Perfect for Fabricated Parts 


and output. Ratio .is 1:1. Helical gears 


Superior Electrical Properties 


Greater Design Possibilities 


Lightweight, Non-Corrosive 











are used. Draft size, 1 in. Tol-O-Matic 
INSUROK is a regis- Inc., 246 Tenth Ave. So., Minneapolis 
tered trademark of The | 15, Minn. 
Richardson Company's Circle 561 on postcard at end of book 
complete family line 
of laminated plastics. MECHANICAL 
DIFFERENTIALS 


Mechanical differentials, useful for 


adding and subtracting shaft move 





ments, reversing shaft rotation, as varia 
ble speed changers or as a clutch or 
brake, are intended to sell for less 


Richardson INSUROK parts outperform and outlast other 
materials because of their unique combination of properties. 
Outstanding INSUROK characteristics are: 


e Low dielectric loss. 
e Low moisture absorption. 


Heat and blister-resistance. 


Unmatched insulating qualities. 


Remarkable strength and durability. 
¢ Good machinability. 





Richardson laminated, machined and fabricated parts are pro- than ten cents each. Die-cast, zinc- 


duced in a wide range of characteristics to meet many kinds of 
electrical and electronic applications. New grades, sizes, and 
shapes are constantly being developed for new applications. 


alloy gears and housings used. For 
non-precision applications where trans 
mission problems with light-load gear 
ing are involved. Gries Reproducer 


. : : Corp., 400 Beechwood Ave... New Ro 
Whatever your specific product application ... electrical or hele Ny - wins 


mechanical .. . specify and insist on INSUROK. Write for 
comprehensive details in bulletin form on how you can profit 
by using INSUROK, or phone today. 


Circle 562 on postcard at end of book 


Postcard return forms are provided 
at end of book as a convenience 


to the reader in obtaining further 







information on 


New Components and Materials 


3a E RICHARDSON COMPANY > beee Literature for the Design Engi- 
ae + neer 
‘ eS ae FOUNDED IN 1258 Feature Article Reprints 


. ; - > 
2703 LAKE STREET, MELROSE PARK, KLLINOTS | Advertised Products 


Sales offices in principal cities 
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CLAMP WIRE BUNDLES IN SECONDS! 


Just place wire bundle inside “UY push keeper down snugly, and this 
light-weight clamp is securely locked to withstand loadings greater 
than 50 G's! A Cab-L-Tite* clamp securing 58,000 mils weighs only 


0.016 oz.: 8,570,000 mils, 0.832 oz. Proved in aircraft and missiles, 
Cab-L-Tite* 


17091. Removable in seconds for rerouting wires. Write for free 
literature Manufacturer of Bund-L-Tite straps. 


DAKOTA ENGINEERING, INC. 


4315 Sepulveda Blvd., Culver City, California *Trade Mark 


GLASS—Hard, Dense, 
Noe Slotted, Ground Threads, 
8-32 x 5/16, 1/2 G 7/8 


Circle 266 on Inquiry Cord 
Smooth, Concentric, 
Hemispherical 
IN STOCK— Sizes 4, 6, 8 N.F. G N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 G 1/2 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


“GLASS. TIPPED”’ SET SCREWS 
SCREW—Stainless Steel, 
6-40 x 9/32, 3/8 G 1/2 
Specializing in Glass Coated Metals for Electrical Insulation 


Circle 267 on Inquiry Card 


Are you using 


the new 


PRODUCT INDEX? 


See pages 262 and 263. This new Index 
answers a continuing need, expressed by many 
readers, for a quick method of extracting 
information relating to any material, com- 
ponent or equipment discussed in either the 
editorial or advertising pages. Get acquainted 
with this reference tool. It can save time in 
your data researching. 
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is made of tough DuPont zytel, which meets MIL-P- | 


| tors. 


| neer, and volume-produce pre- 





| LOS ANGELES: neering 
| IM CANADA: Breve! Products, Ltd.+45 Crockford Bivd.+Scorborough, Ont 
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This shaded pole motor 
is available as a high 

speed motor alone or as 
the backbone of BREVEL's 


quality gear motors. 


every oF: ae 
Brevel meets 
unusual 
specifications 
for small motor 
applications 












Your new appliances get into 
production — and to market— 
faster, at lower cost when 
BREVEL supplies your mo- 
Chances are we have a 
suitable design! You can rely 
on BREVEL’s experienced 
specialization to design, engi- 


Series S 
Open Spur 
Gear Motors 


cision motors that give con- 
sistently superior service at 
low cost. 





foie 

. n Worm 

We may be making — right Gear Motor 

now — the motor you need. 

Write, wire, phone NOW... Seren 

and find out. Enclosed Helical 
Gear Motor 






ES I 





E 


| BREVEL PRODUCTS CORP. 


| manufacturers of small motors for the appliance industry 


t_ 
627 West 26th Street, New York 1 @ WaAtkins 4-4737 
CHICAGO: Jerry Gelten Co. © 2750 W. North Ave. © EVerglade 4-5959 

Electric Meter Engineering, inc. © 8255 ee Bivd. © Olive 1.3220 
.*PLymouth 7-5140 
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divide 
motion 


into 25,600 
exposures 


per second 


with the 


This new camera, which operates 
at constant speed, offers new 
potentialities in the use of pho- 
tographic instrumentation for 


high-speed motion analysis. 


May we supply further informa- 
tion? Or provide guidance in the 
potential application of Dynafax 
(or any other of the Beckman 
& Whitley High-Speed Cameras) 
to your problems? 


Beckman ¢ Whitley 


SAN CARLOS 11 @ CALIF. © U.S.A. 
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Laboratory and 
Engineering Equipment 


MICRO-ELECTRONIC 
LABORATORY KIT 


Self-contained kit enables engineers to 
design and fabricate micromodule elec- 
tronic circuits with packing densities of 
several hundred thousand parts/cu ft. 
Kits start with completed wafers and 
include all equipment 
build and test up to ten modules. Ex- 


necessary to 


act values and _ configurations § are 


varied by user ( ompleted mictTo ele 


ment wafers are supplied with multi- 


ple terminations; control of  air- 
abrader tools allows engineer to modify 
termination patterns and component 
requirements. Pre-set 
control shuts off air-abrader 


when correct 


valued to meet 
automat 
value has been reached 
on microelement. Kit includes air- 
abrader and control, curing oven, vac 
uum dust collector (hose above engi 
neer in illustration), 10- to 20-power 
stereo constant-locus microscope, parts 
cabinet, heat sink, encapsulation mold, 
manual, 
Materials 


America 


various elements and design 
RCA Semiconductor and 
Div., Radio Corp. of 
ville, N. J. 
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SEMICONDUCTOR TESTER 


Model TTS-100 will test transistors for 
breakdown voltage, gain, voltage and 
current saturation characteristics, and 
leakage current at any voltage up to 
80 volts. Zener 
for breakdown 
pedance at any 


Somer 


diodes can be tested 
voltage, dynamic im- 
within the 
range of the diode (or 1 amp max), 


current 


and drift against temperature or cur 
rent. Rectifiers can be tested for leak- 
age (up to 80 volts) and forward cut 
rent characteristics of up to 1 amp 
Tunnel diode characteristics of tunnel 
ing current, valley current, and for- 
ward voltage can be determined. PRI 
Box 215, East Brunswick, N. J 
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IMPEDANCE ANALYZER 


Model W-2 analyzer is an instrument 


{ orp . 


for measurement of polar parameters, 
phase angle and ohmic values of im 


pedance of complex networks, iron 


core devi es, capacitors, etc. It com- 


putes and directly indicates phase 


angle as well as its sine, cosine and 


tangent, power factor, Q and D. These 
induct- 
loss, etc. 


in turn allow calculations of 


ance, a-c resistance, core 
Analyzer makes measurements at op- 
erating values of voltage and frequency 
of component under test per MIL-T-27 
Accuracy, at least one per cent over 
frequency range from 60 cps to 12 ke. 
Impedance measurements can be made 
Size, 8x8x5 in. West- 
ern Electronic Products Co., 2420 
North Lake Ave., Altadena, Calif. 
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NARROW BAND-PASS FILTER 
Model 720 is 


to one megohm 


1 narrow band-pass se 
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Woke): 
FOR THE 
DIAMONDS 


OF FINISHING 


SIGN 


QUALITY 


Now, here's a fast, easy, economical way to 
almost double the protection against corrosion 
on your product. Simply follow up the IRIDITE 
process with a fast, easy application of IRILAC 
. and you've given your product extra pro- 
tection for longer resistance to corrosive condi- 
tions, longer shelf or storage life protection 
from handling, and increased beauty for more 
attractive appearance and faster sales. 


ON ALUMINUM 


An IRIDITE-IRILAC finish will provide 
longer life for storm doors, windows, outdoor 
furniture, auto parts and accessories, tubing or 
wire goods. And, you have a choice of color 
finishes such as natural aluminum and golden 
yellow. Other colors may be obtained by an 
additional dye operation 


ON MAGNESIUM 
IRILAC over an IRIDITE No. 15 finish in- 


creases corrosion protection, and provides resis- 
tance to finger printing and abrasion on all types 
of products, with color appearance ranging from 
light to dark brown. 


ON ZINC 


IRIDITE plus IRILAC gives your product 
longer life and brighter appearance. Color 
choices range from clear IRIDITE to olive 
drab, plus colored dye finishes. 


NOW—A Great New 
Combination for 


DOUBLE 


PROTECTION 
Against 


Corrosive Conditions 


on Aluminum, 
Magnesium or Zinc 


qarmnpD 
CHROMATE CONVERSION COATINGS 


and 


CLEAR PROTECTIVE COATINGS 


IRIDITE is the tradename for a specialized 
line of chromate conversion coatings that 
can be applied to any non-ferrous metal by 
brush, dip or spray methods—at room 
temperatures—manually or with automatic 
equipment. Upon application, a thin film 
forms which becomes an integral part of the 
metal itself, and thus cannot chip, flake or 
peel. No special equipment, exhaust systems 
or specially trained personnel are required. 


IRILAC is the tradename for a line of clear 
protective coatings for all metals. As safe and 
easy to handle as water, they may be applied 
by brush, dip or spray methods. No exhaust 
or special fire protection equipment required. 
Adds protection and abrasion resistance to 
any base metal, plated part or parts treated 
with electrolytic or chemical post treatments, 
without chemical change. 


For complete technical informa- 
tion on IRIDITE Chromate Con- 
version Coatings or IRILAC Clear 
Protective Coatings, write for 
FREE TECHNICAL MANUAL. Or, 
see the Allied Field Engineer in 
your erec. He's listed under 
"Plating Supplies” in the yellow 
pages. 


Allied Research Products, TNC. 4004-06 east MONUMENT STREET » BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


West Coost Licensee for Process Chemicals: |. MW. Butcher Co. «© Evropeon Agent: Sture Gronberger, Storgeton 10, Stockholm, Sweden 


Onn! ond ore | @TIITD®| QIINTS*®| CIILD?| GLLB*?| CIID 
chemical Processes, Anodes, 
Rectifrers, Equipment ond Supphes for Metal Finishing Chrometes Coatings Brighteners Supplies Equipment 
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Give your Products 
MORE RELIABIL'TY and 
BETIEin PERFORMANCE with 


QUALITY 


in stock for immediate delivery 


TOROIDAL INDUCTORS 


MIL Grade 4— Metal Case 

MIL Grade 5 — Molded 

Uncased Units 

Highest Q 

Highest self resonant freq. 

low temperature coefficient 

No hum pickup-astctic construction 
Can be supplied with center taps 


eo & 


FREQUENCY RANGE: SOOCP TO 15KC 


QUENCY RANGE: 30KC TO 200KC 


HIGH FREQUENCY 
TOROIDAL INDUCTORS 


FREQUENCY RANGE: 20KC TO 10MC 


Ruggedized, 
MIL STANDARD 
AUDIO TRANSFORMERS 


Mi Sed Mi Type 


90000 |TF4Rx) SAJ001 


TF482x! 642002 


WRITE FOR FURTHER INFORMATION ON THESE 
UNITS OR SPECIAL DESIGNS 
Send for NEW 48 transformer catalog. Also ask 
complete labor: test instrument 


for catalog. 
FREED TRANSFORMER CO., INC. 


1730 Weirfieid St., Brooklyn (Ridgewood) 27, N. Y 
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EE 


Need to know 
about 


Casting Resins 


lective filter for operation over a fre- 
quency range from 1.0 to 10,000 cps. 
Three-position gain switch 
permits gain settings of —20, zero, or 
+-20 db. Adjustable filter selectivity 
with maximum selectivity of +2.3 per 
cent to 3 db-down points. Filter offers 
38-db rejection to third harmonic with 
maximum attenuation rate near center | 
frequency of 250 db/octave. Filter 

suited for separation of closely spaced 

frequency that are 
necessarily related. 
Co., 


selector 


components 
harmonically 
Box 3676. 


not 
Dy- 
14, 


tronics 
Ohio. 


Columbus 


Circle 566 on postcard at end of book 


SERVO SYSTEM ANALYZERS 


Series 400 analyzers provide all neces- | 
sary functions for determination of 
response characteristics in d-c and car- 
rier-modulated feedback control sys- 
tems. Self-contained signal generator 
provides sinusoidal signals over fre- 
ranges up to 10,000 to 1, as 
as modulated and unmodulated 
square waves. Evaluation of fundamen- 


quency 
well 


| tal phase and amplitude system re- 


sponse is made through manually op- 


erated phase dial and direct-reading 
output meter. Three models cover fre- 
quency ranges of 0.3 to 20 cps, 0.003 
to 30 and 0.02 to 200 cps. All 


cps 


| models provide test signals up to 1 


watt at 10 volts peak, and are used 
with carrier frequencies of 50, 60, 400 
and 800 to 5000 cps. Output imped- 
ance, under 10 ohms. Phase measure- 
ments to 1 deg. Superior Manufactur- 
ing and Instrument Corp., 154-01 
Barclay Ave., Flushing 55, N. Y. 

Circle 567 on postcard at end of book 


LOG VOLTMETER 


AND CONVERTER 


Meter HLV-150 is accurate to 0.2 db 
or 2 per cent anywhere on 14in., 


| three-log-cycle scale with a-c or d-c | 


Effects 


and 


Application 
‘Techniques 


for 
Embedment, 
Encapsulation 


and 


‘Impregnation 


? 
In a 52-page reprint booklet 
design compendium series — ELECTRICAL 


one of the 


| MANUFACTURING editors have brought to- 


gether eight previously published articles 


| dealing with the embedment, encapsula- 


tion and impregnation of electronic cir- 
Individual 


articles cover property data on casting 


cuit units and components. 


resins; evaluation tests on resin systems; 
results tests on em- 
bedded units; process-control problems. 
An annotated bibliography of selected 


of environmental 


technical articles on electrical insulation 
provides a useful reference tool for 
checking on basic research and applica- 
tion techniques developed over the past 
decade. 


CONTENTS 


The Epoxy-Resin System for Embedded 


Circuits and Components 


Automatic Machines for Cast-Resin 
Applications 


Polyester Casting Resins for Rigid Insu 
luting Parts 


Problems in Casting Electronic Components 


of High Humidity on Dielectric 
Properties of Casting Resins 


Copper-Inert Flexible Coil Encapsulation 
Embedded Eleo 


Environmental Tests for 
tronic Units 


Resin-Embedment Process for 
Electronic Package Design 


Price: $2.00 


Optimum 


See Order Form on page 170. 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


NEW WAY TO TICKLE 

A “TRICKLE” WELL 

For some centuries now, great bangs 
around the globe have borne witness to 
happy 
putting to work the phenomenon we call 


man's sometimes faculty for 
“explosion 

Now we are finding ways to make use 
of mmplosion. And glass is helping us 

Supposing your oil well starts to ooze 
instead of gush. You take one of the 
devices shown above and lower it into the 
well. Fill the hole with fluid and apply 
pressure When the psi reach a set level 
you get a squoosh and then a whoosh and 
then—with luck 

The squoosh signals an implosion; the 


a gush of oil 


whoosh, a counteracting explosion in the 
fluids. Working together 


develop pressure waves up to 20,000 psi 


the two forces 


usually enough to fracture the surround- 
ing strata and to stimulate the flow of any 
oil present in the formation 

The service 
called Rockshock;* it was developed and 
is offered by Dowell Division of The Dow 
Chemical Company. The capsules are 
made from Pyrex™ brand glass blanks 
which we 


using these capsules is 


supply The capsules are 
evacuated to extremely low pressures. 

We make the composition of the glass 
blanks and their wall thicknesses to exactly 
the right specifications so that the cap- 
sules will implode at specified pressures 

We make the glass so that it will dice 
when it implodes, disintegrating in- 
stantaneously to pieces small enough to 
pass through valves and pumps without 
damaging them 

At the same time, we make the glass 
sturdy enough so that you can handle the 
capsules used in Rockshock above ground 
with as much safety as glass bottles. 


AUGUST 1960 


Dowell can tell you more about Rock- 
shock. They are in Tulsa, Oklahoma. We 
can tell you more about the marvels of 
glass say, in our Bulletin B-83, titled 
“Properties of Selected Commercial 
Glasses.’” We are in Corning, New York, 
and can be reached by coupon 


*Dowell Service Mark 


STEAM GAUGE THAT WORKS 
LIKE A TRAFFIC LIGHT 


When you see red, you're 
looking at live steam. When 
you see green, you're look- 
ing al water 

It’s as simple as that with 
this new Multi-Port gauge 
from the Diamond Power 
Spec ialty ¢ orporauion. 

Like so much 
simple, this takes a fairly 
complicated system of op- 


that’s 


tics, for which we supply 
the glass 
Like so much that’s com- 
plicated, this optical system 
takes advantage of a simple 
fact, namely, water and 
steam have different re- 
fractive indexes 
At the rear of the gauge 
a group of sealed-beam 
lamps (we probably made 
the glass for these, too!) 
throw light on two colored 
pieces of glass. One is red, 
the other is green. If the 
light then passes through steam, only the 
red portion gets through to the viewing 
port. Vice versa for water. If the water 
level falls half way up a port, you see 
both red and green with a sharp line 
of demarcation at exactly the right level 
You can see the gauge in the dark. 
Since light has the swiftest of all move- 
ment, there is absolutely no time lag 
when the steam level changes 
Aside from its optical properties, the 
glass we provide has to take the thermal 
shock of live steam, the corrosive environ- 
ment of steam and water, and pressure 
up to S000 psi 
Actually 


for us to meet, as you'll discover, if vou 


these are simple conditions 


ever have occasion to put one of our 
glasses to work 


ad 


Name 


CORNING MEANS 


) B-83; [) This Is Glass; 
Company 
Street 


City 


RESEARCH IN 


CORNING GLASS WORKS, 59 Crystal St., Corning, N. Y. 
0 12-1 


FROM CORNING 


Bulletin IZ-1, “Designing with Glass 
for Industrial, Commercial, and Con- 
sumer Applications,’ can help you spot 
such occasions. The coupon will fetch 
you a copy. 


WHY EYEGLASS LENSES DON'T 
COME IN BOTTLES ANY MORE 


In 1912 this flask was a marvel of mass 
production. With just a few good puffs 
one of our glassblowers could produce 
blanks for a dozen or more eyeglass lenses. 

Now look at the lens blank in the 
corner of the picture. It has the stamp of 
technology all over it. Code letters and 
numbers. Nicely finished edges. Each one 
like the other. 


Now we have machines to stamp out 

lens blanks . . . even bifocal lens blanks 

by the millions without a glassblower 
drawing breath. 

A perfect example of our willingness to 
sacrifice the romance of handcrafting to 
the sheer economy and efficiency of 
machinecrafting whenever it will benefit 
our customers. 

The only interest we expect you might 
have in all this is in this simple fact: we 
have two kinds of versatility to sell. The 
versatility of glass itself. The versatility of 
methods in manufacturing from glass. 

We can cast giant mirrors and windows 
for radioactive cells, blow delicate bubbles 
for lab ware, press or roll great masses for 
items needed in large quantities in a 
hurry . In short, we can put to work 
practically every manufacturing method 
known to man to put your product in 
glass. 

“This Is Glass” is a booklet that tells 
more about these methods and glass 
itself. It’s in the coupon. 


GLASS 


Zone State 
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Write for 
Bulletins No. D-73 
ond D-75 
or see 
Sweet's Electrical 
Catalog— 
Section 5b 


silent. sure... 
Mercu i! works better — 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations 


TIMER RELAYS 


Durakool engineered metering system designed 
to be tamper-proof and dependable. Single 
moving part assures trouble-free operation. 


1, 2 and 3 pole combinations. 


SWITCHES 


Work in any position around diameter. | 
ampere sizes are mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


UTE CTE 


Elkhart, indiana, Durakool, inc. 1018 N. Main St. 

Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave 

Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Bivd. 
Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 
Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Bivd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd, 
Hatboro, Pa., Raymond H. Barnes, 422 Tanner Rd. 
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input. Total range is 1 millivolt to 230 
volts. Response on a-c scale, within 
0.25 db from 20 eps to 50 ke with 
full-wave average-value detection and 
rms indication. With rf probe above 
50 ke, meter is peak-reading. Zero-db 
reference adjustable over 70-db range. 
Houston Instrument Corp., Box 22234, 
Houston 27, Texas. 
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DIODE TESTER 


Diode Tester DT-257A (illustrated 
right) measures static characteristics 
of germanium and low-power selenium 
diodes. Offered as an accessory is a 
millimicroammeter MA-259 (illustrated 
left) which will measure reverse cur 


rents of silicon diodes. Tester has sep- 
arate forward and reverse power sup- 
plies having continuously variable 
outputs or pre-set regulated reverse 
potentials. Minimum full scale range 
of 50 wamp for DT-257A can be ex- 
tended to 0.01 pamp with MA-259. As 
millimicroammeter, MA-259 covers 
range from 0.01 to 1000 pamp and is 
completely self-contained and battery 
powered, Crosby-Teletronics Corp., 


Westbury, L. I. N. Y. 
Circle 569 on postcard at end of book 


SYNCHRO REFERENCE 
AND TEST 


Synchro standard may be used as a 
base of reference for both synchro test 
ing and for control systems. Offers 
functional accuracy of 2 sec of are. 
For synchro testing, standard is man 
ually switched to discrete positions, 
Null detector and control transmitter 
in an index stand not needed. When 
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THERMO-KANTHAL 
THERMOCOUPLES 
ARE MORE STABLE 


Thermo-Konthol is a product of world recognized 
Kanthol leadership in special purpose resistance and 
heating alloys. It is specifically designed to combat 
the problem of stability with age ond use. Particular 
attention to the composition of the negative leg has 
resulted in a new order of accuracy and stability, 
porticularly in the 1800°F to 2300°F range. 
Thermo-Konthal couples meet all standard emf curves. 
No change in instrumentation is necessary. In addi- 
tion to operating savings, as in less recalibration, 
Thermo-Kanthol actually costs less initially. Write for 
detailed dota today 


Lisl; KA fa T a f. | CORPORATION 


Can. Rep. Ferro Enamels, Ont., 


) 
Js” i 


OL 


» o c 
SON he fet-Tal-[-( >) 


3 Amelia Pl., Stamford, Conn. « 
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. Electrical Coil Windings 


. WIRE SIZES #6 to #56 
For 43 years... specializing in all types of 


coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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making Dies and 
OT tht 


Popular ckage is 

8-oz. can fitted with 
Bakelite cap holding j 
soft-hair brush for a & nm ade 
plying right at bench: Shown above are some of the many 
metal surface ready for 


layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy 


Write for sample 
on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. + St. Louis 6, Me. 
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Rogan knobs available from 
stock molds. Fast delivery. 
Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


| 8027 N. Monticello + Skokie, Illinois 
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assembled in every * 
HANSEN 


> TIMING 
| MOTOR 





The efforts of Hansen engineers have 
been concentrated in just one area for 
over 5O years creating and applying 
synchronous power units t timing ap 
plications. Use this experience t solve 
your specific aming problems. Contact 
your nearest Hansen representative, of 
write direct. 


Manufacture of long-life, Hansen SYNCHRON 
Timing Motors is quality-controlled throughout, to 
make them the dest synchronous motors for indus- 
trial and commercial applications. Skilled, experi- 
enced workers assemble Hansen SYNCHRON mo- 
tors to rigid standards. Each motor undergoes 51 
separate tests and inspections before shipment, in- 
suring users of the ultimate in silent, continuous, 
synchronous power for specific timing applications. 


HANSEN REPRESENTATIVES: 


THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 


H. C. JOHNSON AGENCIES, INC 
Rochester, N. Y. * Buffalo, N. Y 
Syracuse, N. Y. * Binghamton, N. Y. 
Schenectady, N. Y. 


ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif. (Olive 1-3220) 
Ooktond, Collif. 


WINSLOW ELECTRIC CO. 
New York, N. Y. * Chester, Conn. 
Philadelphia, Penn. * Cleveland, Ohio 


Dpérating efficiently in any position, self-starting, 

lf-lubricating’ Hansen SY NCHRON Timing Motors 
deliver from 8 t6, 30 in./oz. guaranteed torque; at 
gemperatures from —40 F to +-140 F; in speeds from 
600 rpm down to % rph; clockwise or counterclock- 
wise rotation. Over 200 types of output available. 










7, average figure for Hansen 
SYNCHRON Motors many are 
| designed for shorter life thers for 


| years longer 


HANSEN 


MANUFACTURING 


COMPANY, INC 


PRINCETON M oor | 
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used as control, standard serves as ac- 
curate forward-feed-control input de- 
vice for machine computers, 
radar simulators and flight simulators. 
Astrosystems, Inc., 220 E. 23 St., New 
lox, i. 4- 
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DIRECT-WRITING 
OSCILLOGRAPH 

Self-contained recorder 
Model 297 can be either rack mounted 
in 10%-in. of panel space or housed 


tools, 


two-channel 


in a portable case. For applications in 
large instrumentation set-ups, for mon- 
itoring and as bench-top instrument in 





held work 


tures low impedance, 


Recording mechanism fea 
enclosed galvan 
ometers; four pushbutton chart speeds; 
traces by heated stylus on rectangular 
coordinate 50-mm wide chan 
125 
10-mm_ peak-to-peak 
amplitude; gain stability better than | 
and 20 


maximum 


charts; 
nels, Frequen y 


within 3 db at 


response to cps 


per cent in spite of 20 deg C 
volt 
non-linearity, 0.2 
dustrial Div.. 


54, Mass. 
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OSCILLOSCOPE CAMERAS 


Series 


power line variations; 


mm. Sanborn Co., In 


175 Wyman St., Waltham 


3000 cameras featuring binocu 
lar viewing, Polaroid film backs, choice 


of three lenses and a variety of ac 
designed for 
Choice of 
mounting plates for variety of camera 
backs either 1:07 


or 1:09 object-to image Detent 


Cessories, are use on 


all existing oscilloscopes 
permits selection of 


ratio 
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NEW!... Heavy-duty TFE tape, 
reinforced with glass, 

helps prevent cold flow in 
hi-temp applications! 


ty 


NEW!...The most oi 
resistant pressure-sensitive 
TFE-film tape made. 

New products of 3M Research! 


“SCOTCH” Brand Electrical Tape No. X-1112 and “SCOTCH” Brand Electrical 
Tape No. X-1111, both new products of 3M Research, are new TFE-Fluoro- 
carbon Tapes for high-temperature designs. No. X-1112 utilizes glass cloth 
to provide added strength and holding power for heavy-duty functions where 
cold-flow would ordinarily be a problem. No. X-1111 combines excellent 
chemical and electrical properties of TFE-Fluorocarbon with a new adhesive 
designed to resist transformer and hydraulic oils. For complete information, 


write: 3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. EAP-80 
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IS YOUR 
BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 








HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@® Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@® Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


REQUEST 


BULLETIN 
592 


yee MANUFACTURING COMPANY 


4021 W.LAKE ST. + CHICAGO 24, ILL. 
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mechanism permits either three or ten 


equally-spaced positions so that camera | 
can record multiple exposures on sin- | 


frame. In addition to Polaroid 
camera backs, Graflex backs may be 
used with these cameras. Analab 


gle 


Grove, N. J. 
Circle 572 on postcard at end of book 


MINIATURE TAPE RECORDER 


Multi-channel recording under rugged 
environmental conditions is the pri- 
mary application for Pemco model 
PMR-300. Unit measures 10x6x4%% in.., 
weighs 454 Ib. and requires less than 





18 watts from 24volt d-c source. Re 
cording bandwidth, 100 ke at 30 ips. 


Modular electronics for up to seven 
channels on %%-in. tape also furnished 
| Pacific Electro Magnetics Co., 942 


Commercial St., Palo Alto, Calif. 
Circle 573 on postcard at end of book 


| TWO-CHANNEL RECORDER 


Model BSA-250 portable rectilinear re 
corder consists of an assembly with six 


chart speeds (0.5 to 200 mm/sec), two 
oscillographic units with driver ampli- 
fiers and two solid-state pre-amplifiers 


| (d-c, carrier or servo types). Maximum 





undistorted amplitude full scale is 40 
| mm, d-c to 40 cps; half scale, d-c to 
| 80 cps. Ink-writing Model BSA-250 is 
| supplemented by electric or ink-writ- 
| ing BSA-260. Power supply, 105 to 125 
| volts a-c, 60 watts. Massa Div., Cohu 
Electronics, Inc., 5 Fottler Rd., Hing- 
ham, Mass. 








| | Return postcards are provided at end 
of book as a convenience to the reader 
in obtaining further information on 
* New Components and Materials 
¢ Literature for the Design Engineer 
* Feature Article Reprints 
* 











In- | 
strument Corp., 30 Canfield Rd., Cedar 
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Advertised Products | | 


¢ SPECTROL PRECISION MECHANISMS 
¢ 


The 





SPECTROL’S new PRECISION MECH- 
ANISM —a velocity servo—is more than 
just another interesting shrink job. It's 
useful. It can go anywhere you need an 
ultra-miniature, precision speed control 
device. 

First, the package. It measures only 1% 
x 1% x 3 inches. In a space that would 
give a sardine claustrophobia, Spectrol 
engineers squeezed a solid-state amplifier, 
a servo-motor, a gear train, and a very 
special, condensed (42-inch long) poten- 
tiometer and switch 


The pot has four electrically isolated 
wipers, all riding 90° apart on the same 
coil. The switch, in the same pot housing, 
has four wipers riding on an alternately 
conducting and non-conducting surface. 


THE FUNCTION: The servo accepts dc 
signals varying between +10 v from a 
computer to drive the pot in such a man- 
ner that speed is directly proportional to 
the dc signals 


THE APPLICATIONS: Here's an ex- 
ample: tied to an airborne computer, the 
Spectrol servo will drive a scope in the 
cockpit of one of the nation’s hottest 
aircraft. The object: to give the pilot a 
visual, three-dimensional analog of his 
position. Actually, the servo will drive 
anything—resolvers, synchros, tachs, 
other pots and switches. It's a complete, 
ready-to-go package you can put into 
your system as is. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the systems 
engineer from building functional sub- 
assemblies using compcnents such as gear 
drives, clutches, precision potentiometers 
and servomotors. If you need modules 
combining any of these components in 
a single specification —Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 32. 





ELECTRONICS CORPORATION 
1704 SOUTH DEL MAR AVE. * SAN GABRIEL, CALIF. 


Circle 283 on Inquiry Card 


ARMCO steers / for electrical and electronic equipment 


For 
Midget Rotors 
or 
Giant Stators 





Armeco’s DI-MAX M-15 


helps you up performance 
and lower costs 


Wherever high efficiency 1s required, Armco 
DI-MAX® M-15 gives you the opportunity to 
step up performance and cut production costs. 
Reason: The unique combination of good mag- 
netic and fabricating properties offered by this 
special, non-oriented, low-core-loss Armco Steel. 


Advantages of Armco DI-MAX M-15 


Better Permeability— At high inductions the 
permeability of DI-MAX M-1I5 is superior to 
that of standard M-15. 


Punchability— Uniform, high ductility enables 
you to use punched laminations of any size or 
shape. DI-MAX properties simplify production 
and extend die life. 


improved Space Factor— Better flatness and 
smoother surface eliminate lost space, enable 
you to design for maximum performance. 


Available in Coils—With DI-MAX M-15 welded 
coils you can use high-production methods. 
Gage is more uniform than regular M-15. Duc- 
tile, annealed butt welds are within sheet gage 
limits, do not affect punching or core assembly. 


Use the unusual advantages of Armco TRAN- 
Cor® DI-MAX M-I5 to give your products 
sales-boosting performance at lower costs. Write 
us for complete information including design 
data. Armco Steel Corporation, 2550 Curtis 
Street, Middletown, Ohio. 





ARMCO STEEL 


Armco Division + Sheffield Division *« The National Supply Company 
Armco Drainage & Metal Products, Inc. » The Armco International 
Corporation +« Union Wire Rope Corporation 


Steel 
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E __/NON-TRACKING 
(QUENCHING 
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Electrical Moldings 


ROSITE 
No. 3250 


AI 


obdtdbsdeccedvddcsovastecs 


ee 
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Here's dramatic proof of the benefits that are 
available to users of new hot-molded ROSITE. 
The snuffing head above carries a shorting bar 
for closing stab type switch blades. By using 
ROSITE, the manufacturer substituted a single 
molded part for a 10-piece assembly. The savings 
were obvious and the new ROSITE molding had 
better non-tracking and arc quenching qualities 
as well. 


SIZE REDUCTIONS — ROSITE hot-mold 
compounds can offer size reductions because they 
possess non-tracking ... arc-quenching qualities 
which make smaller ROSITE parts do a better 
job than larger assemblies or moldings. A real 
boon to designers! 


ECONOMICAL — Save on size, weight and cost. 
Send us your drawings, let us study your prob- 
lem. Then we can quote to show how ROSITE 
does a better job for less. Do it today for your 
products’ sake! 


‘ 
ie 
* 





me 


OP chk isin cel egal 


*-**PATENTED-ROSITE’S new SEND FOR 
' hot-mold No.3250 incorporates NEW 
a patented arc-quenching CATALOG 


characteristic. This is a new 

dimension in hot mold com- 

pounds, now making it possi- 

ble for Rostone Corporation 

| to offer the same properties 

j that have made ROSITE cold 

¥ moldings the standard for 
=) quality electrical parts. 


of nos} 
a | 





RO ST o Nor 
CORPORATION 


2405 S$. Concord Road, Lefayette, Indicna 


For Canadian requirements contact 
Electro Porcelain Ltd., Kitchener, Ontario 
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Encapsulated Cotton Interweave 
Bobbin 


Fa 


ee 


Form Wo nd 


interleave High Temperature 


Send us your coil 


eliahi del ar Me lMe oto ola 
TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn. 


i 
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20 to 
200 D.P. 


Send your prints 
for quotations 


FOR STRAIGHT 
BEVELS 





e SPURS 
e@ HELICALS 


@ WORM AND 
WORM GEARS 


@ STRAIGHT BEVELS 
@ LEAD SCREWS 

@ RATCHETS 

@ CLUSTER GEARS 
@ RACKS 

e INTERNALS 

@ ODD SHAPES 


ett 
e 


A few of the many varieties of 
straight bevels we are regularly 
producing are shown above. 
Tell us your needs. 


°% 


IN GEARS 


TOM, aa Lc Work aA ye A 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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Reliance Super ‘T’ V-S Drives 


Automatic process control from 
standard off-the-shelf components 


Installing Reliance Sealpak Unit on VSS Dancer Roll Control pane! .. . 
used On printing press re-winds for controlling tension ond roll buildup 


directly from the paper web. 


Complex control systems are easily designed using 
the Reliance V*S Building Block Approach. Off- 
the-shelf components can be combined in wide 
variety to perform a diversity of precise control 
functions. The control of speed, torque and horse- 
power . the synchronization of motor speeds 
through feedback systems . . . and the accurate 
sensing devices that make precise control possible 
are an integral part of the V*S system. 


Pneumatic, hydraulic and electric sensing equip- 
ment—such as pressure gauges, photo electric cells, 
level indicators, or strain gauges can be tied directly 
to V*S Drives. Many single-point and point-to- 
point numerical and digital systems have also been 
designed around these V*S Drives. 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


Fast—Stepless— 
Wide Speed Range 


V*S Drive components consist of a d-c. drive motor, 
packaged motor controls and operator’s control sta- 
tion. Operation is from in-plant a-c circuits. You 
need only the drive motor at the machine. . . con- 
trols can be placed at any convenient location. 


High response Reliance drive motors change speed 
over a wide range, smoothly and without steps. 
Selections are infinite. All-electric V*S design per- 
mits inclusion of dynamic or regenerative braking 
for fast stopping. 


A motor-generator set forrns the nucleus of the 
motor control unit. Built-in controls regulate volt- 
age and current in the system. You can get any 
required combination of speed, horsepower, torque 
and time characteristics. 


And New Super “T’ V*S Drive 
Now Gives You More 
Power in 35° Less Space! 


Through use of Class B insulation—better ventila- 
tion and new NEMA re-designed a-c. and d-c. 
machines, more power is packed into sharply re- 
duced space. And this V*S Drive will take 100% 
overloads for one minute duration without failure. 


Reliance Super “T’ V*S Drives can be custom de- 
signed to meet your specific needs. 


Reliance Sales Engineers are always available to 
work with you. Call your nearest Reliance sales 
office or write for Bulletin D-2506. D-1642-A 


RELIANCE tncinttxinc co-* 
DEPT. 278A, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V«S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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Now—EASTERN’S Flying Freighters offer 


OVERNIGHT 
DELIVERY 


New York—Miami—San Juan 
New York—Atlanta—New Orleans—Mobile—Houston 
Chicago—Atlanta—Miami—San Juan 








@ Reserved space on every Freighter flight. 

@ Pressurized and temperature-controlled. 

@ Flights daily except Saturday and Sunday nights. 
@ Pickup and delivery service available. 


In addition, Eastern offers freight space on over 400 daily passenger 
flights —including DC 8-B Jets and Prop-Jet Electras—to 128 cities 
in the United States, Canada, Bermuda, Puerto Rico and Mexico. 


For Information and Freight Reservations, call your 
Freight Forwarder, Cargo Agent or Eastern Air Lines. 


EASTERN AIR LINES 


Circle 289 





DIAL HEAD AGASTAT® 


time / delay / relays 


These relays have recently been re-designed—improved in 
performance and appearance. So you'll want up-to-date 
specs. 
his free folder gives complete details on all models. In 
it you'll find operating specs, timing ranges, contact ca- 
pacities, dimensions, diagrams of contact and terminal 
arrangements, and data on mounting and installation 
accessories. 


ELASTIC STOP NUT CORPORATION OF AMERICA | 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 


AGASTAT TIMING INSTRUMENTS 
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need precision ceramics? 


@ Dimensional accuracy in electrical porcelain 
parts is a “must” for keeping production costs 
down. And it’s for this basic reason that more and 
more designers, specifiers and buyers of electrical 
porcelain are turning to Star for precision 
ceramics coupled with timely deliveries. There's a 
diversified line of Star precision ceramics 
available to you. Write us today. We are eager 

to work with you. 





The STAR Porcelain Company 
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Insulation of “Mylar” gives capacitors 
longer-lasting stability under high humidities 


Punishing, hot, humid atmospheres 
like those in the test chamber above 
have little effect on capacitors insu- 
lated with ‘““Mylar’’* polyester film. 
These capacitors have remarkable 
stability and longer life, because 
“‘Mylar”’ 
high temperatures, changing humid- 
ity and aging than other commonly 
used insulating materials. 


is much less sensitive to 


Capacitors made with “Mylar” 
meet the highest standards of relia- 
bility, yet are frequently smaller and 
less costly than other units. Thinner 
insulation can be used, because of 
the exceptionally high dielectric 
strength of “‘Mylar’’. And ‘“‘Mylar’”’ 
reduces the need for costly encapsu- 
lation because of its remarkable re- 
sistance to moisture. 


Tough, thin “‘Mylar’’ has this unique combination of 
properties for superior insulating performance: 


e Average 4,000 volts per mil dielectric strength (Per 
ASTM D-149). Average power factor of 0.002 at 60 


cycles. 


e Thermal stability from -60°C to Class B range. 


e Chemical and moisture resistance. 


e Resistance to aging, abrasion, tearing and rotting. 


IN MOTORS 


resistance at no increase in cost 


Insulation of ‘Mylar’ 
cuts size and weight, improves moisture 


Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with “‘Mylar’’. 
And, figured on a square-foot basis, 
*“Mylar’”’ will often cost you less than 
your present material. For full facts 
on ‘“‘Mylar’’, write for free booklet. 
E. I. du Pont de Nemours & Co. 
(Inc.), Film Department, Rm. No. 
14, Wilmington 98, Del. 


** Mylar” is Du Pont's trademark for its brand of 
polyester film. 


*06 us pat Ort 


Better Things for Better living 


DU PONT 


MYLAR 


POLYESTER FILM 


through Chemistry 


See Du Pont’s complete line of industrial film at WESCON, Booth #1034-35 
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"I Now! End Cord and 
Cable Failures here 









STRAIN 
RELIEFS 







GRIPMASTER ALL-METAL TYPE 
Slight pressure permanently positions 
this one-piece type. The strain relief © 
forms a smooth metcl bond which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in == 
position. The Clickon forms animmovable ~— 
ring with uniform pressure oround the 
cable circumference. 





GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in ao vise-like grip. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS. 


_ GEORGE WALKER Sortie | 





GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 





nsec a ante 


EXCLUSIVE hates Se aa 
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furane’s 
EPOXY SOLVENTLESS 
VARNISHES 








for impregnating 
Motors, Transformers 
and Wire-Wound 
Devices 





Resistant to acids, JP fuels and Skydrol, Furane’s Epoxy 
Solventiess Varnishes are outstanding dielectric materials that 
penetrate and insulate. Dimensionally stable, 100% solid Varnishes 
3-A and 3-B aid in eliminating fire hazards and allow motors to 
operate at lower temperatures, with resultant greater efficiency, 
economy and long life. 

Low initial viscosity, ability to gel readily at 150° - 200°F., 
and a pot life of approximately 30 days make Furane’s Solventiess 
Varnishes easy and economical to use. Approved on MIL Specs, 
they have outstanding resistance to both thermal and mechanical 
shock. 


r 
' 
® For concise technical as on these and cther Furane Epoxies, . 
’ call or write for Electrical and Chart. On special ° 
: problems, request our Application for an exact solution ’ 
u 


furane plastics, '!NCoRPoRATED 
DEPT. EM 4516 BRAZIL ST. + LOS ANGELES 39, CALIF. « CHapman 5-1151 
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RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the 
base stud, and it snaps into place 
making a positive electrical con- 
nection. To remove just pull it off; 
no screws to bother with, no springs 
to bruise fingers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, NJ. 
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— FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
insulation _—— 
Smali or Lar 

Screw Hole or 
Standard, Extra 
Flexible Strand- 





EASY TO APPLY 


oe (C= 


Cian we wi aal) a 


« NO TOOLS REQUIRED 





1043 EVANS STREET CINCINNATI 4 DHIO 
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You get three times as much aluminum per pound as 
you get in a pound of steel, brass, nickel or copper! 


1 This means you can build for less . . . ship for less. . . 
C0a UMN make a greater profit by using Alcoa® Aluminum in 
see your products. 


Alcoa Aluminum offers you many other advantages, 
too: highest strength at lowest weight ... nonmagnetic 


. 
... nonsparking . . . easy to spin, form, bend, roll. It 
e Wa 0 lil can be cast, forged, extruded or drawn .. . easily joined 
by practically any method. Corrosion resistant, it re- 


quires virtually no maintenance. 
Ask an Alcoa sales engineer to show you how Alcoa 


| Aluminum can put added values for you and your cus- 
a ess COS tomer into the products you make .. . or write Aluminum 
. Company of America, 2130-Y Alcoa Building, Pitts- 


burgh 19, Pa. World-wide sales through Alcoa Inter- 
national, Inc., 230 Park Avenue, New York 17, N. Y. 


Redraw rod made of Alcoa Aluminum gives you three 

times as much metal per pound as copper . . . costs one-half Your Guide to the Best 
as much for equal current-carrying capacity. As other metals » in Aluminum Valve 
constantly grow more costly, aluminum is notable for its much 
lower rate of price increase. Whether you use aluminum as a 
structural metal or as an electrical conductor, Alcoa Aluminum 
can put many extra benefits in the products you make. alternate Mondays, NBC-TV 


atcoa &. For exciting drama watch “‘ Alcoa 
ALUMINUM Presents”’ every Tuesday, 
prmnen conte eramynes ABC-TV, and “Alcoa Theatre”’ 
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ENGLER HOUR METER 


For Efficient Machine Performance 
@ insures Planned Maintenance 


@ Checks Down Time 
@ Registers Operating Time 


PRODUCTOLOG 


VDO TACHOGRAPH 


eler 
instrument Co. 


—S— rn 


Dept. EM-8 


250 Culver Avenue, Jersey City, N. J. Phone HEnderson 4-6500 


ircle 298 on 7" Cord 


synchronous 
motors . . . 


FOR INDUSTRIAL 
AND LABORATORY 


MODEL 50 APPLICATIONS 


% DIE CAST HOUSING 
%*% HIGH TORQUE 
% BRONZE BEARINGS 


% FOR 24, 115, 230, 440 AND 
550 V. OPERATION 


% OUTPUT SPEED 1800 TO 
1/éth RPM 


Available in five models, these motors are designed 
primarily for industrial applications requiring motor 
sizes between “clock” and fractional horsepower 
types. Motor sizes approx. 314” x 114” x 214” 


Write for complete descriptive 
Address Dept EM-860. 


HAGEN BD wanuractunne COMPANY 


Boraboo, Wisconsin 


sulletin No, 1055. 
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® A CONTROL SYSTEM 
big 7 | with ORIGINALITY 
> and RELIABILITY 


“A major breakthrough in temperature control” 


SATURABLE POWER REACTOR CONTROL 


ano *Range-Leckh prorection 
MECHANICAL CONVECTION OVENS 
be 3 CARRE OLAV CC 


COMPETITIVELY PRICED 


with ovens utilizing standard 
ON- OFF cycling type control systems. 


BLUE | AeLe Ce 


ue ur Se 
BRANCH: Bive M aR hie Co., 2312 So. Main Street 
Los Angeles 7, California 
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What is Molecular Engineering? 


What are the concepts, 
definitions, areas of 
research and application? 


How will Molecular Engineering 
affect your design practices? 


For the answers to these and similar 
questions, take time out—if you 
haven't already — to study the 
Science & Engineering feature in 
the May issue. In this article by 
Special Features Editor Alex. E. 
Javitz, the principles and practice of 
Molecular Engineering are brought 
into focus for your own fundamental 
understanding of one of the most 
important concepts of contemporary 
research and its impact on design. 


For handy Reprint Order Form, 
see page 170. 


ELECTRICAL MANUFACTURING 





Identification made easy 


If you have identification problems 
when capacitors are mounted in 
out-of-the-way places, here’s the 
easy Mallory solution: name, part 
number, ratings, etc., can be 
stamped in three places around the 
capacitor. This optional triple 
stamping will be supplied without 
additional cost. 


Need continuous-duty 


capacitors? 


If you're interested in exploring 
the economic advantages of high 
capacity motor-run capacitors, 
here's good news. Mallory can sup- 
ply continuous duty AC electro- 
lytic capacitors in ratings up to 
20 mfd., 110 volts. These units have 
been proved reliable for continuous 
duty by several thousand hours of 
thorough testing. Consult your 
Mallory capacitor specialist .. . or 


write direct for full details. 


Technical assistance 


If you have design and application 
problems or need more complete 
product information, Mallory ca- 
pacitor engineers will be glad to 
help you work out details. Write, 
wire or phone today .. . this may be 
your answer to product improve- 
ment and lower costs. 
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250,000 STARTS 
PROVE RELIABILITY OF 
MALLORY 
MOTOR CAPACITORS 


Percent Capacity Change 


100% = rated capacity 


Power Factor Change 


100,000 


Cycling tests simulating 100,000 
motor starts are conducted regularly 
on production lot samples of Mallory 
motor start capacitors, and are con- 
sidered indicative of long life capa- 
bility. Now, here’s life assurance far 
beyond any specification: after 250,000 
starts, these capacitors showed but 
little change in capacitance and 
power factor. 


Reliability of Mallory motor capaci- 
tors is performance-proved. Failure 
rate in warranty is less than 0.1% 
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200,000 


Outstanding for compact size, precise 
tolerances and high temperature rat- 
ings, these units are the result of 
over 25 years’ development and 
manufacturing experience. .. quality 
control laboratory testing ... 100% 
production-line testing during roll- 
ing, before and after encasing. 


Insist on Mallory motor start capaci- 
tors. They assure long life and 
dependability ... protect your prod- 
ucts’ reputation. ..and eliminate 
warranty period replacement costs. 
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PRODUCT INDEX for this issue 
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Components, parts and materials described in this issue's editorial ond advertising pages. 
Key: page number only indicates advertisement; letter “e’’ with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Brokes—158, 183e, 238e 
Capacitors—60, 182, 190e, 192e, 199e, 261 
Clutches—183e, 238e 
Contact devices 
Brushes and brush holders—\84 
Commutotors—202 
Control systems—130e, 132e, 143 
Electron tubes—178e 
Fans and blowers—16 
Filters—192e 
Inductors—246 
Magnetic components 
Bobbins and core boxes—226 
Cores—8, 41, 148, 176 
Laminations—152, 190e, 228e 
Permanent magnets—217, 224e 
Meters, panel—48, 160, 203, 260 
Microwave devices—89e, 182e 
Modular assemblies—210e 
Potentiometers—214e 
Protective devices 
Circuit breakers—196, 196e, 202e 
Fuses—43 
Thermal—58, 195, 206e, 208e 
Relays 
General purpose—46, 194e, 21 le 
Industrial—53, 195 
Mercury—168 
Special—59, 135, 194e, 210e 
Telephone—137 
Thermal—219 
Time delay—192, 192e, 208e, 248, 256 


Resistors—58, 173, 179, 188, 212e, 214e, 
216e, 231 


Semiconductor devices 
Controlled rectitier—211 
Photocells—192e 


Rectifiers and diodes—\8, 178e, 183, 199e, 
209, 212e, 214, 220 


Thermal—142e 
Thermistors—181, 240 


Transistors—Inside front cover, 20, 49, 
178e, 199e 


Varistors—240 
Servo components—28, 182e, 186, 233, 252 
Solenoids—194e, 215 
Static switching elements—1l3e 


262 


Switches 


Controllers and contactors—59, 195, 196e, 
248 


Lever—194e 
Limit—29, 202e 
Mercury—248 
Pressure—194e 
Proximity—200e, 236 
Pushbutton—58, 162, 163, 200e, 202e 
Rotary—40, 204e, 229, 238 
Snap action—193, 200¢ 
Stepping—202e, 222, 225, 266 
Thermal—Back cover, 206e 
Toggle—200e 

Telephone handset cradies—240 

Timers—48, 260 

Transducers 
Linear displacement—194e 
Special—194e, 238e 
Thermocouples—249 
Thermostots—194e, 238 

Transformers—246 

Wire and cable—53, 145 
Instrument—226e 
Magnet—23, 47, 190, 197, 208 
Ribbon cable—S7, 74e 

Wiring devices 


Cable clamps and clips—162, 204, 243, 


Connectors—inside back cover, 15, 33, 


218e, 220e 
Cord sets—53, 164, 190 
Plugs and jocks—146 
Sockets—-222e, 226e, 228e 
Terminals—\84e, 252, 258 
Terminal blocks—58, 220e, 224e 
Tubing—224e 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Actuators—183e 

Bearings—!, 32, 161, 172, 205 

Clutches—184e, 240¢ 

Conduits—201 

Dials—180e 

Fasteners 
Bolts and nuts—174, 184e, 230e, 233e 
Quick-operating—174, 227 


Screws—35, 184e, 186e, 191, 230e, 233¢, 
243 


Fittings—199e 

Gears—256 

Housings and enclosures—201, 230, 265 
Hydraulic components—183e 

Knobs, handles—184e, 249 

Mounting, hardware—201, 222¢ 

Rings, retoiner—147 

Seals and gaskets—233e, 234e 
Tape—193 

V-belts—184e 


COMPUTERS AND 
COMPUTING COMPONENTS 


62e, 113, 116e, 178e, 182e, 183¢, 185, 204e, 
206¢ 


DRAFTING MATERIALS AND 
EQUIPMENT 


Papers—237 
Tracing cloth—22 


DRIVES 


Electrical—155, 255 
Mechanical—199e, 242¢ 
Variable speed—199e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—178e 
Calculators—218 

Generators, electronic—|36e 
Meters—27, 180¢, 246e 
Oscilloscopes—180e 

Power supplies—133, 180e, 189 
Recorders—56, 250e, 252¢ 
Shock and vibration—177 


Special test equipment—136e, 177, 178e, 
180e, 182e, 188e, 212, 228e, 244, 244e, 
246, 248e, 250e 


MATERIALS, 
ELECTRICAL /ELECTRONIC 


Conductive materiols—176, 184, 188e, 241 


ELECTRICAL MANUFACTURING 





Contact materials—31, 188e, 241 
Insulation and dielectrics 
Casting resins—175, 186e, 194 
Ceramics and glass—247 
Laminates—54, 150, 188e, 239, 242 
Mico—188e 
Molding compounds—188e, 207, 223 
Plastics—186e, 190 
Pressboard—168 
Tape—2, 165, 187, 235, 251, 257 
Tubing—226, 235 
Varnishes—5, 258 
Magnetic materials 
Electrical steel—12, 253 
Solder and flux—230e 


MATERIALS, 
MECHANICAL /STRUCTURAL 


Adhesives, cements, sealants—184e, 188e 
Brazing alloys—228e 
Metals 
Alloys, general—224 
Aluminum—39, 259 
Copper, brass, bronze—141 
Metal forms 
Clad metals—44 
Thermostatic bimetals—45 
Non-metallic materials 
Elastomers—186e 
Quortz—45 
Protective coatings 
Chemical—190e, 245, 264 


MOTORS AND GENERATORS 
Fractional-hp motors—38, 196e 
Gearmotors—216, 238e 

Integral-hp motors-—196e 
Motor-generator sets—234 


Speciol—13, 48, 139, 157, 169, 199, 206, 


210, 211, 229, 234e, 236e, 243, 250 


PRODUCTION EQUIPMENT, 
TOOLS 


Gas generators—44 

Lacing tape—212 

Layout fluid—249 

Marking devices—234e 

Processing equipment—14, 149, 180, 260 
Wiring machines—213, 263 


SERVICES 


Coil winding—249, 254 
Metal fabrication—16, 25, 51, 176, 221 
Misc. fabrication—25, 34, 229, 236 


Plastics fabrication—25, 53, 190, 204, 239, 


254 
Transportation—159, 256 
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Produce 4,000 finished wire leads per 


hour... with terminals at both ends! 
3 ) ) 


NEW ARTOS CS-9-AT 
AUTOMATIC MACHINE 


]. measures any type of wire. 

2. cuts off wire to length. 

3. strips one or both ends. 

4. attaches terminals at both ends. 
5. provides stations for other work. 


NOW YOU CAN produce up to 4,000 finished wire leads per hour—twith 
terminals attached at both ends—when you install this new high-speed 
machine. 

The ARTOS CS-9-AT handles almost any type of wire automatically. 
Taking wire from the reel, it measures, cuts to length, strips insulation, 
attaches terminals and provides uniform collection of the finished leads. 
Most types of terminals in prefabricated strip form can be used. 

Also, the machine is furnished with a multi-station conveyor that 
permits several stations to be used for secondary operations such as in- 
spection, twisting, welding, etc. 

Get the complete story on the new ARTOS CS-9-AT—ask for engi- 
neering advice on your special problems. 


en oeeeee BESSRES ES Oe Sea ees eS Write for Free Bulletins 


wae - nsse ee Bulletin 358 describes CS-9-AT machine. 
Cutting Longthe. 6°" min to 90” max. Also ask about other Artos machines to 
Stripping Lengths: %'" to 1'4"". handle wire from 30 to 000 gauge; cut 
Ovtpet:  67"-45"" lengths—4,000 per br. » lengths from 2 in. to 45 f.; strip insulation 
45°'-90"' lengths—2,000 per hr. : from % in. to 10% 
Visit us at 
Booth 119— : . : 
WESCON Show World Leaders in Automatic Machines 


ad 03 0 p-ogererarr 


2741 South 28th Street Milwaukee 46, Wisconsin 
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He’s the designer 
who first put Luster-On° 
on the job! 


Luster-On is The Chemical Corporation’s 
low-cost protective finish for aluminum, 
brass, cadmium, copper or zinc. It is 
supplied in a complete line of uniform- 
controlled chromate conversion coatings 
that provide maximum protection in a 
single, simple, economical operation. 
Available as a liquid or powder for im- 
mediate delivery. 


Specify Luster-On, Best — 


FOR BRILLIANT CORROSION-RESISTANT 
FINISHES . . . rivals even chrome in many 
instances where cost is a factor. Long- 
lasting, easily controlled application. 


FOR CLEAR, BRIGHT AND IRIDESCENT 
COATINGS . . . imparts striking, attractive 
appearance with complete corrosion pro- 
tection, even when humidity and han- 
dling are encountered during processing. 
Also available are yellow iridescent and 
olive drab for concealed parts or as a 
paint bond. 


FOR DECORATIVE COLOR .. . on low-cost 
zinc. Brilliant golds, yellows, blues, reds 
greens, violets, brass and copper hues. 


FOR ALUMINUM .. . replaces expensive 
anodizing where surface hardness is not 
of prime importance. An excellent finish 
for paint bonding. 

FOR LASTING BRIGHTNESS . . . on both 
copper and brass without noxious fuming. 


FOR DIE-CASTINGS . .. one quick dip pro- 
vides uniform finish; superb as a base for 
painting. 

See for yourself what Luster-On can do for you! 


Send us a sample part — now — for free process- 
ing. Dota sheets on request. 


Luster-On — first and still the 
finest in conversion coatings. 
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63 Waltham Avenve « Springfield 9, Mass. 
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WHAT'S bat 
NEW |4 


Hofman \ 
ELECTRICAL 
ENCLOSURES? 


NOW! 


44 sizes in 


Single Door Models 


22 sizes in 
Multi-Door Models 


sic 
NEMA 12 | 7 
PANEL |“ ENCLOSURES 


Completely oil-tight and dust-tight. 
Mounting panel is removable. Stand- 
ard single door sizes now include many 
8” and 10” deep enclosures to accom- 
modate large circuit breakers and dis- 
connect switches. Besides two-door 
models, we now offer three, four, and 
five door models up to 1514 feet long. 
Also available in NEMA Type 4, 


te 
PANEL ENCLOSURES 





1A control housing for locations that do 
not require the oil and dust-tight char- 
acteristics of HOFFMAN NEMA Type 
12 enclosures. Removable mounting 
panel. Doors have lift-off 

hinges and plated 
“flush” latches. 










Oil-tight 
time-saving 
LAY-IN WIREWAY 


This new JIC Sectional 
Wireway (Patent Pending) 
offers the “lay-in” feature which 
simplifies installing wires from control 
point to equipment. Cover has full 
length hinge and is gasketed to seal 
out liquids. Many sizes in stock. 
- 






Industrial 
CONSOLES 


Stocked and sold by Electrical Distributors 
Hh ENGINEERING 
CORPORATION 
Dept. EM-141 Anoka, Minnesota 
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Victory Engineering Corp 240 
Stepping devices from A. W. Haydon Co. can do wonderful things to pulses 
-.. with pulses...and for pulses. For instance, one precision gated stepping 
Switch acts as a pulse divider for a random or variable pulse source—or as 
a frequency divider if the pulse source is constant. Another works in con- Waldes Kohinoor, In 147 
junction with pulses, supplying single or multiple switch closures with an Walker Co., George 258 
accuracy virtually equal to that of the pulse source itself. Still a third will Ward Leonard Electric Co 195 
count a predetermined number of pulses, rotate a stepper switch, return Westinghouse Electric Corp., Semicon 
the counter to 000, and cut off the pulse source. @ The remote positioning ductor Dept 0, 21 
device illustrated is but one of A. W. Haydon Company's fancy steppers. West Virginia Pulp and Paper Co 
Board Products Sales 168 


Here a precision gated stepper switch has been coupled to a synchro trans- 

former. Similarly, precise angular positioning of rotary components such as wae On, © 4, a a 
potentiometers, dials and indicators can be controlled. Based only on the a Pea 
number of pulses received (not incremental changes in voltage or phase 
angie), it will hold a set position whether power is on or off, and will home 
the synchro to the zero reference on demand—ready to accept another 
setting. @ All A. W. Haydon Co. stepper motors are all-electric—no ratchets, 
linkage, contacts or other mechanical crutches are used. Their power con- 
sumption is low, accuracy is extremely high. @ Send for technical brochure 
SP9-1 and find out more about pulse driven steppers and their application. 


AYDON 


COMPANY 


234 North Elm Street, Waterbury 20, Connecticut 


Wisconsin Porcelain Co 246 
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The Boating Industry 
Business ‘(Commercial Aviation 
Construction Equipment 

Mill & Factory 

Purchasing 

Space / Aeronautics 


Volume Feeding Management 
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Electrical 
Ma nufacturing 


Your Reactions are a Valuable Guide 


to the Publisher and Editor 


As publishers of a vast complex of electrical/ 
electronic technology covering the broad spectrum 
of design engineering, we have a vital stake in 
assessing the effectiveness of our editorial efforts. 
We want to make sure that we are presen 
editorial matter of test usefulness and appea 
to our readers at times. 

For this reason, our monthly Editorial Reader 
Reaction Studies serve as extremely important 
instruments for the publisher and editor. They 
bridge the gap between editor and reader by pro- 
viding a continuous feedback of your reactions. 

Asa lar reader of our magazine, you have 
nubian been called upon to take part in 
one or more of our continuing Editorial Reader 
Reaction Studies. If you are a reader of relatively 
short duration, then in all likelihood you may be 
asked to participate in a future study. 

It is not our intention to harass our readers 
with an excessive number of survey ests, and 
we ask your indulgence if your name should ever 
be selected on several occasions within a seemingly 


short period of time. Actually, we select the names 
of readers for these studies through a random 
sampling procedure. 

Readers may be interested to know that their 
replies to our studies are subjected to intensive 
analysis and evaluation. On the basis of the 
questions asked, ten performance yardsticks indi- 
cating degree of reader interest, visual exposure, 
readership and concurrent action are tabulated by 
our researchers for each feature article in an issue. 

These studies enable our editors to appraise the 
appeal and reception of previous feature articles 
and to re-evaluate objectives wherever desirable 
toward the preparation of editorial matter which 
will best serve the reader’s interests and needs. 

ELectricaAL MANUFACTURING would like to thank 
the many thousands of readers who have consist- 
ently replied to our Reader Reaction studies. We 
recognize that valuable time is ired of those 
who cooperate and only through their replies can 
our editors obtain such sensitive measures of their 
reading interests. 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you additional in- 
formation regarding anything published in this 
issue. That goes for both advertising and editorial 
pages. 

Each editorial item and advertisement has been 
assigned a key number. Corresponding numbers 
appear in the respective grouping of the Reader 
Inquiry Service postcard below. 

Simply circle the numbers that apply to specific 
items in which you are interested. Your informa- 
tion requests will be forwarded promptly—withia 
48 hours of receipt of card. To expedite, please 
print or type your name and address. 


Cards will be processed by Publisher 
if received by October 1, 1960 
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Not good after October 1, 1960 


@ Advertised Products 


Want more information on products advertised? 
Circle number indicated for each advertisement. 


@ Reprints of Editorial Features 
Article reprints available without charge are listed 
on page 166. For Science & Engineering reprints, 
see Order Form on page 170. 


@ New Literature 


Latest catalog and bulletin offerings starting on 
page |78. 


@ New Components and Materials 


Reviews of new developments starting on page 
200. 









596 636 
597 637 
598 638 
599 639 
600 620 640 660 680 700 726 740 
601 621 641 661 681 798 
602 622 642 662 682 798 
603 623 643 663 683 800 
604 624 644 664 684 gor 
605 625 645 665 6o8 802. 
606 626 646 666 686 803 
607 627 647 667 687 804 
608 628 648 G68 688 80s 
608 629 649 669 689 806 
610 630 650 670 690 769 768 807 826 
611 631 651 6o1 776 789 808 827 
632 652 692 771 780 808 628 
633 653 693 772 781 810. 629 
634 654 694 
635 655 695 
$28 
926 
$27 











Individual 
Title Dept. or Div. 
Company 
Street City Zone State 








AUGUST @ 1960 






































be 
&2& 
ao 


Net good after October 1, 1960 





ee 
~ 
e 
+ 
~ 
o 
S 
- 
_ 


77 
678 698 718 738 
678 699 719 739 

700 720 740 

701 721 741 
722 742 
723 «743 
724 744 
725 745 
726 746 
727 «747 
726 748 
729 749 
730 


or 
3 
ESSSESSSTSSESSRSRRES 
3 


a 

_ 

os 
BEGRSSSSESLESESESSEES ESS 

= ~ _ 





Not good after October 1, 1960 









Zone 










Dept. or Div. 














ADVERTISED PRODUCTS OR SERVICES 390 423 456 596 636 656 696 NEW LITERATURE 932 952 
101 133 165 197 229 261 283 325 358 391 424 457 | 501 520 539 556 577 597 637 657 687 756 775 794 813 833 953 
102 134 166 198 230 262 294 326 359 392 425 458 | S02 521 540 559 578 598 638 658 698 757 776 795 814 834 854 
103 135 167 199 231 263 295 327 360 383 426 459 | S03 522 541 S60 579 599 639 659 699 758 777 796 815 835 855 
104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 586 600 620 640 660 680 700 759 778 797 816 836 856 
105 137 169 201 233 265 297 329 362 985 426 461 | SOS 524 543 S62 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 857 
106 138 170 202 234 266 298 330 363 396 428 462 | S06 525 544 S63 582 G02 622 642 662 682 702 722 742| 761 780 799 818 838 858 
107 138 171 203 235 267 298 331 364 397 430 463 | 507 526 545 S64 S83 603 623 643 663 683 703 723 743 | 762 781 800 819 839 659 
108 140 172 204 236 268 300 332 365 398 431 464 | 508 527 546 S65 584 604 624 644 664 684 704 724 744 | 763 782 801 820 640 860 
109 141 173 205 237 268 301 333 366 399 432 465 | 509 528 547 S66 58S 60S 625 645 665 685 705 725 764 783 802. 621 841 861 
110 142 174 206 238 270 302 334 367 409 433 466 | S10 529 548 567 586 606 626 646 666 686 706 726 765 784 803 822 842 962 
111 143 175 207 239 271 303 396 368 401 434 467 | 511 530 549 S68 587 607 627 647 667 687 707 727 768 785 804 623 843 863 
112 144 176 208 240 272 304 336 369 402 435 466 | 512 531 550 S69 S88 608 628 648 668 G88 708 728 767 786 805 824 844 864 
113 145 177 208 241 273 305 337 370 403 436 469 | 513 532 551 570 S69 609 629 649 669 G89 709 729 768 787 806 825 845 465 
114 146 178 210 242 274 306 338 371 404 437 470 | 514 533 552 571 590 610 630 650 670 690 710 730 769 807 626 846 866 
115 147 179 211 243 275 307 339 372 405 438 471 553 591 611 631 651 691 711 731 770 808 827 847 867 
116 148 180 212 244 276 308 340 373 406 499 472 592 632 652 692. 732 mt 809 828 848 868 
117 149 181 213 245 277 308 341 374 407 440 473 593 633 653 693 733 772 829 849 869 
118 150 182 214 246 278 310 342 375 408 441 474 594 634 654 694 734 773 830 850 870 
118 151 183 215 247 279 311 343 376 409 442 475 es 635 655 695 735 7714 831 851 871 
120 152 184 216 248 280 312 344 377 410 443 476 on 
121 153 185 217 249 281 313 345 378 411 444 477 - 
122 154 186 218 250 282 314 346 379 412 445 478 _ 
123 185 187 219 251 263 315 347 380 413 446 479 

348 381 414 447 480 

349 382 415 448 481 

300 363 416 400 402 Individual 

351 384 417 450 483 Title Dept. or Div. 

352 305 418 451 484 

353 306 aes Compeny 

a 387 40s ee Sr ee Zone Stote 

255 388 487 

356 289 ase 


AUGUST @ 1960 





SSSSSESERSRSESSSESSRREE 








State 





AUGUST @ 1960 





Not good after Uctonber |, i'vov aAveVve! F troy 





FIRST CLASS 
PERMIT NO. 16734 


READER 
INQUIRY 


NEW YORK, N. Y. 


SERVICE 








BUSINESS REPLY MAIL 
Neo Postage Stemp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 
NEW YORE 17, N. Y. 


FIRST CLASS 
PERMIT NO. 16734 


NEW YORK, N. Y. 








BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 
POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORE 17, N. Y. 





Not good after October 1, 1960 


eS RAB AS SGN 
‘< Mit 


pF 


a 


AUGUST @ 1960 


—— 


I<, 


AU AS 


EDGE-ON HYFEN 


PRINTED CIRCUIT CONNECTOR 


FEATURES:- 


NORWALK, CONNECT. e@ 


bifurcated undulating accordion 
spring assures multi-point contact 


shortest front-to-back dimension available— 

lightest in weight—no insulating sleeves needed 

closed entry face protects springs and self-aligns warped 
boards 

HYFEN tips (straight shank-solid barrel) have multi-point 
contact surfaces and independent detent locking action 
gold plated, crimp-type, snap-in, removable HYFEN tips 
with insulation grips take single or multiple leads 
closed entry on wire lead side prevents oversize probe 
@..: 

0: or 2 wire leads for each board position on each side 


© low board insertion 
and withdrawal forces 


e designed for dry circuit as 
well as power applications 


© commoning clips and jumpers available 
for joining circuits 


@ polarizing key available for any contact position 
for pre-notched boards 


SEE MORE AT WESCON BOOTHS 1008-9 


BURN DY 


BICC—BURNDY Ltd., Lancs. England ¢@ 


In Continental Europe: Antwerp, Belgium e 


TORONTO, CANADA 
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Other appliances, too, such as automatic coffee 
makers, skillets, saucepans, griddies, inhalers, fans, 
steam and fiat irons, roasters, fry ketties, refriger- 
ators. butter warmers, waffie irons, electronic and 
avionic applications. 


FOR PORTABLE AIR HEATERS 





Top to bettom, Stemco Type S$, Tipever Switch, 
Type SA. Other dewgns eveiloble 


iT’S STEMCO THERMOSTATS 


No wonder leading manufacturers of portable air heaters 
specify Stemco thermostats. For Stemco thermostats give 
long-life reliability that eliminates service headaches . . . 
are quickly, easily installed . . . are competitively priced. 
Our application engineering service is eager to help you 
solve your thermostatic control problem, whether it in- 
volves design, production or cost. Try us now. AA wee 


wera temoctm Manufacturing company, inc. 


P. O. Box 1007 * Mansfield, O 


THERMOSTATS 
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